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An automated method and apparatus for grading pre-cut lumber products according to selected physical properties 
thereof such as modulus of elasticity (MOE) and modulus of rupture (MOR) are disclosed. A conveyor (14) transports 
boards to be graded to an automated lumber feeding mechanism which sequentially rotates each board from a loading to a 
grading position. In the grading position, an impactor (75) impacts one longitudinal end of the board to generate a com- 
pression force and a detector (148) at the opposite longitudinal end converts the compression force to an electrical signal. 
Data acquisition circuitry (230) samples and istores at least one cycle of the signal and a c mputer (225) analyzes the sam- 
ples and assigns values to predetermined parameters which characterize the signal. 
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AUTOMATED MATERIAL 
CLASSIFICATION APPARATUS AND M E THOD 

BACKGROUND OF THE INVENTION 

1 - Field of the Inven-bion 

This invention relates generally to apparatus 
and methods for measuring certain properties of energy-- 
absorbing materials such as wood products, including 
wood-adhesive composite products, and metals, plastic, 
and concrete products. More specifically, the invention 
relates to an automated apparatus and method for measur* 
ing stiffness, or modulus of elasticity (MOE) , and 
strength, or maximum stress at failure (MOR) , of wood 
and related products, and for identifying such products 
in conjunction with measured values of parameters de- 
veloped by the invention. 

2. Description of Prior Art 

Typically, the market value of wood products, 
such as pre-cut lumber products, is determined by 
classifying or grading the products according to estab- 
lished grading rules and procedures. In the mid-1920's, 
visual grading criteria were adopted for grading wood 
products in terms of their engineering properties, such 
as elasticity and strength under flexure, tension, and 
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compression. The criteria adopted have come to be 
known as Visual Stress Grading Rules. The Visual 
Stress Grading Rules, which are widely used throughout 
the United States, are based on the visual inspection 
of wood products for certain predetermined, visually 
observable characteristics such as knots, warp, and the 
like. Under the Visual Grading Rules, trained opera- 
tors or graders visually inspect the wood products and 
assign grade classifications thereto based on their 
judgment concerning the engineering properties of the 
products as a function of the visual criteria. The 
grades assigned by the operators are verified 
statistically by reference to past structural 
experience and laboratory testing of similar products. 

In the 1960 's, the first lumber grading 
machines designed to mechanically test individual 
pieces of pre- cut lumber non-destructively in flexure 
were introduced. The process of automatically grading 
individual pieces of lumber non-destructively in 
flexure by machine has become known as Machine Stress 
Rating; (MSR) and lumber graded by such machines is 
commonly referred to as MSR lumber. Presently, there 
axe. estimated to be between 20 and 30 MSR grading 
installations in the United States. Unlike visually 
graded products, lumber grading machines typically 
grade MSR products automatically by actually measuring 
a. selected parameter of the products under flexure, 
such as resistance to flexure, and relating the para- 
meter to a selected engineering property. At present, 
structural MSR limber is classified on the basis of a' 
single: measured parameter: stiffness in flexure or 
modulus of elasticity (MCE). From the measured MCE, 
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strength values, e.g., modulus of rupture (MOR), are 
often assigned in accordance with a statistical 
correlation between stiffness and strength for similar 
destructively tested lumber samples. 

Other prior art grading or classification 
machines have also been developed. Such machines 
operate on a variety of principles including inducing 
and measuring RF or microwave energy signals in the 
lumber and inducing stress waves and measuring the 
velocity or acceleration thereof. Similarly to the 
known MSR machines, these machines do not individually 
calculate selected physical parameters such as MOE and 
MOR directly and independently for each piece of 
lumber. In addition, such machines are typically not 
suitable for use in applications requiring high speed 
operation such as in the production line of a typical 
lumber mill. 

The present invention seeks to provide an 
automated material classification apparatus and method 
for speedily and accurately determining selected 
physical parameters or properties of wood products 
particularly, and of other energy absorbing materials 
such as plastic, concrete, and metal, in general. 

A significant feature and advantage of the 
apparatus and method of the invention is the ability to 
accurately calculate multiple selected physical para- 
meters or properties of the material to be classified 
(such as MOE and MOR) individually and independently 
for each and every piece of the material. 

Another significant feature and advantage of 
the apparatus and method of the invention is the 
ability to individually test each piece of material, 
analyze the results, and calculate the selected 
physical parameters at sufficiently high rates of speed 
to enable operation of the invention in the production 
line of a typical lumber mill. 
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Still another significant feature and advant- 
age of the apparatus and method of the invention is the 
ability to test and classify the material without sub- 
jecting the material to physical deformation which may 
result in structural damage. 

Other significant -features and advantages are 
also provided and will become apparent from the detailed 
description and illustration of a presently preferred 
embodiment of the automated material classification 
apparatus and method set forth below. 

SUMMftRY OF THE INVENTION 

The foregoing and other features and advant- 
ages are obtained by providing an automated material 
classification apparatus which includes a device for 
impacting a piece of material to generate a compression 
force therein, and a detector for providing a signal 
related to the generated force- Also provided is a 
computing facility for assigning values to a selected 
plurality of predetermined parameters characterizing at 
least one cycle of the signal corresponding to the 
generated force. The computing facility processes the 
selected predetermined parameters according to at least 
one predetermined formula which relates the parameters 
to at least one selected physical parameter of the 
material and generates at least one value signal 
corresponding, to tiie physical parameter. An 
identifying apparatus is provided for receiving the 
value signal and for operating to provide classifica- 
tion indicia associated with the calculated parameter. 

According to another aspect of the invention, 
an automated feeding apparatus is provided. The feed- 
ing apparatus includes a rotatable lumber receiving 
mechanism having a loading position and a. processing 
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position associated therewith. A conveyor is provided 
for continuously transporting pieces of lumber to the 
loading position of the receiving mechanism, A 
restraining apparatus selectively restrains pieces of 
lumber from entering the receiving mechanism. A 
control is provided for controlling the restraining 
means to release individual pieces of lumber to be 
loaded into the lumber receiving mechanism, and a drive 
is provided for rotating the receiving mechanism so 
that each piece of lumber held therein is rotated from 
the loading to the processing position. 

According to yet another aspect of the 
invention, an automated data acc[Uisition apparatus is 
provided. The data acquisition apparatus includes a 
data source that generates a data signal related to a 
condition of interest and a data acquisition signal 
indicative of the occurrence of the condition of inter- 
est. Also included are a data storage, circuitry re- 
sponsive to the .data acquisition signal for sampling 
the data signal and storing the samples in the data 
storage, and circuitry for signalling a central data 
processor when a predetermined number of samples have 
been stored. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features which are believed to be charac- 
teristic of the present invention are set forth in the 
appended claims. The invention itself, together with 
the above- identified and other features and advantages 
thereof, will become apparent from the following 
detailed description of a presently preferred embodi- 
ment, taken in conjunction with the drawings, in which: 

FIG. 1 is a p^erspective view of the in-feed 
side of a preferred automated lumber classification 
apparatus; 
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FIG. 2 is a perspective view of the discharge 
side of the automated lumber classification apparatus 
of FIG. 1; 

FIG. 3 is a top plan view of the automated 
lumber classification apparatus of FIGs. 1 and 2; 

FIG. 4 is an enlarged partial perspective 
view showing lumber restraining and loading means of 
the automated lumber apparatus illustrated in FIG. 3; 

FIGs. 5a through 5f are side elevation views 
of the lumber restraining and loading means shown in 
FIG. 4 illustrating the sequence of operation of the 
restraining and loading means; 

FIG. 6 is a side elevation view in section of 
preferred impactor means of the apparatus, shown in 
FIG. 2, illustrating the details thereof; 

FIG. 7a is. a side elevation view of preferred 
detector means of the apparatus shown in FIG. 2, 
illustrating the details thereof; 

FIG. 7b is a front elevation view of the - 
detector means of FIG. 7a; 

FIG. 7c is a top plan view of the front plate 
of the detector means of FIG. 7a, illustrating the 
assembly of a pickup rod and accelerometer of the 
preferred detector means; 

FIG. 8 is a block diagram illustrating 
generally the electronic control and processing 
elements of the preferred apparatus; 

FIG. 9 is a schematic diagram illustrating 
the details of the control relays for the hammer 
solenoid of the impactor means shown generally in 
FIG- 8; 

FIG. 10 is a schematic and block diagram 
illustrating the details of the data acquisition 
circuitry shown generally in FIG 8; 
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FIG. 11 is a block, diagram illustrating in 
greater detail the trigger conditioning circuit illus- 
trated generally in FIG. 8; 

FIG. 12 is a block diagram illustrating the 
details of the control computer shown generally in 
FIG. 8; 

FIG. 13 is a graphical representation of one 
cycle of a typical signal generated by the preferred 
detector means of the apparatus corresponding to a 
compression force, showing a plurality of preferred 
parameters utilized by the preferred apparatus to 
characterize the signal; and 

FIGS. 14a through 14g are flow charts illus- 
trating in detail the operation and control of the pre- 
ferred lumber classification apparatus. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENT 

The detailed description of the presently 
preferred embodiment of the invention is set forth 
below in terms of an apparatus and method for 
classifying pre-cut wood products in terms of stiffness 
(MOE) and strength (MOR) in flexure. It is understood 
that this description is exemplary and that the 
principles of the invention have broad application to 
automated classification of other energy- absorbing 
materials such as plywood, wood composites, and other 
wood products, concrete, plastic, and the like as well. 
It is also understood that the principles of the 
invention are equally applicable to the classification 
of wood or other energy absorbing materials by other 
selected physical properties such as stiffness and 
strength in tension or compression, for example. 
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Referring ta the drawings, FIGs. 1 and 3 
illustrate the in-feed side of an automated lumber 
classification apparatus 10 embodying the principles of 
the invention. The in- feed side includes a frame 11 on 
which is mounted a horizontal conveyor 14. The 
conyeyor 14 is designed to support individual pieces of 
pre-cut lumber or boards 16 length-wise and to 
transport the pieces of lumber or boards 16 into the - 
apparatus 10 for classification. The conveyor 14 is 
comprised of a pair of elongated horizontal frame 
sections ISa and 18b which extend in parallel into 
proximity with a rotatable lumber receiving means 
within the apparatus 10, which is described in detail 
below. The frames 18a and 18b have bearing rings 18c 
and 18d respectively mounted in alignment near the 
respective in- feed ends thereof. a cylindrical drive 
rod 19 is rotatably supported at its opposite ends 
horizontally within the bearing rings. *A pair of 
short, horizontal rods are rotatably mounted in a 
second set of bearing rings (not visible)' near the 
respective discharge ends of the side frames' 18a and 
18b which are in proximity to the lumber receiving 
means mentioned above. The drive rod 19 has mounted 
thereon near opposite ends thereof toothed sprockets 
20a and 20b. Each of the short rods near the discharge 
end of the conveyor 14 has a corresponding toothed 
sprocket 20c and 20d mounted thereon. The 
corresponding sprockets 20a and 20c. and 20b and 20d 
engage endless loop conveyor chains 21 and 21a 
respectively. 

The drive rod 19 also has a toothed sprocket 
22 mounted thereon intermediate the sprockets 20. The 
sprocket 22 engages one end of an endless loop drive 
chain 23 . The other end of the drive chain 23 is 
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engaged by a toothed sprocket 24a connected to the 
output shaft of a reduction gear 24, which is suitably 
a conventional right angle drive having a reduction of 
approximately 1.5 to 1. The input shaft of the 
reduction' gear 24 is coupled by conventional universal 
coupling means 25a to one end of a rotatable drive 
shaft 25, the other end of which is coupled by 
conventional universal coupling means 25c to a 
rotatable pass-through shaft of a conventional oscil- 
lating drive 30- 

As the drive shaft 25 rotates, the sprocket 
24a of the reduction gear 24 rotates and drives the 
drive chain 23, which in turn rotates the drive rod 19 
and drives the conveyor chains 21 and 21a. The 
conveyor chains 21 and 21a engage the pieces of lumber 
16 mounted thereon near opposite longitudioiial ends 
thereof and transport the pieces length-wise toward the 
rotatable lumber receiving means described in detail 
below. 

It is understood that the principles of the 
invention can be carried out as described in detail 
below without the use of the conveyor 14. However, the 
conveyor 14 is a preferred element which provides means 
to rapidly and sequentially transport individual pieces 
of lumber into the apparatus 10 for grading, thus 
allowing the apparatus 10 to operate at the high rates 
of speed required for use in some environments such as 
the production line of a typical lumber mill. In such 
environments, the conveyor 14 may be directly 
interfaced with the discharge conveyor of cutting or 
weighing apparatus of the mill to provide an 
integrated, completely automated, high speed system. 
In other applications not requiring interface to a 
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mill's discharge conveyor, Ivunber to be classified may 
be manually loaded -onto the conveyor 14 at a somewhat 
slower rate while still retaining the advantages of 
having the lumber automatically queued and loaded. 

FlGs. 1, 3, 4, and 5a-f illustrate lumber 
restraining and loading means of the preferred 
embodiment. The lumber restraining and loading means 
operate cooperatively to sequentially restrain and load 
individual boards from the conveyor 14 into the 
rotatable lumber receiving means 65 illustrated 
partially in FIGs. 4 and 5a-f and described in detail 
below. The lumber restraining means generally 
comprises a tiltable frame 26, a pair of pnexmatic dogs 
27a and 27b, and a pair of pneumatic lifters 28a and 
28b. In the preferred embodiment, the frame 26 is 
generally rectangular. The in-feed end 26a of the 
frame 26 is supported at its opposite ends on the 
pneumatic lifters 28a and 28b respectively, which are 
preferably conventional pneumatic cylinders. The sides 
26b and 26c of the frame 26 are pivotally connected to 
the inside surfaces of the horizontal frames 18a and 
18b of the conveyor 14 by pivot pins or bolts 29. The 
pins or bolts 29 moimt in corresponding openings of 
pivot arms 30 which are connected by bolts or other 
fastening means to the opposite sides 26b and 26c. The 
end 26d of the frame 26 is preferably located near the 
discharge end of the conveyor 14. The end 26d has 
formed therewith or bolted thereto a vertical lip piece 
26e which extends the length of the end 26d. 

The pneumatic dogs 27a and 27b preferably 
comprise conventional pneumatic cylinders having spiked 
ends 27c and 27d respectively formed at or mounted to 
the ends thereof. In the preferred embodiment, the 
pneumatic dogs 27a and 27b are mounted by conventional 
connecting means to the frame 11 directly above the 
conveyor, chains 21 and 21a of the conveyor 14 and 
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slightly nearer the in-feed end of the conveyor 14 than 
the vertical lip-26e of the end 26d of the frame 26. 
The cylinders and spiked ends 27c and 27d are 
preferably oriented vertically with the spiked ends 27c 
and 27d pointed downwardly toward the conveyor chains 
21 and 21a. 

The frame 26 is preferably mounted far enough 
below the level of the conveyor chains 21 and 21a to 
avoid interfering with movement of the lumber 16 on the 
conveyor 14. The frame is preferably mounted high 
enough so that when the lifters 28a and 28b are not 
activated, the frame 26 tilts upwardly toward the 
discharge end of the conveyor 14 as shown in FIGs. 5a, 
c, d, and e, and the vertical lip 26e extends above the 
level of the conveyor chains 21 and 21a to block or 
restrain the lumber on the conveyor 14 from being 
discharged from the conveyor 14. When the li^fters 28a 
and 28b are activated, they extend upwardly and lift 
the in- feed end 26a of the frame 26. This in turn 
causes the sides 26b and 26c of the frame 26 to pivot 
on the pivot bolts 29 and the discharge end 26d of the 
frame 26 to tilt downwardly. When the discharge end 
26d tilts downwardly, the vertical lip 26e is 
positioned below the level of the conveyor chains 21 
and 21a and does not restrain boards on the conveyor 14 
from being discharged therefrom. 

The pneumatic dogs 27a and 27b are preferably 
positioned closer to the in-feed end of the conveyor 14 
than the vertical lip 26e by approximately the width of 
one board 16. As shown best in FIGs. 5a-f, when the 
dogs are not activated the spiked ends 27c and 27d are 
retracted and do not restrain boards 16 on the conveyor 
14. When the dogs are activated, the spiked ends 
thereof extend downwardly preferably far enough to 



wo 88/10415 



- 12 - 



PCr/US88/01938 



wedge between the two boards closest to the discharge 
end of the conveyor 14 and restrain boards except for 
the board closest to the discharge end of the conveyor 
14 from further movement. 

In the preferred embpdiment. the dogs 27a and 
27b and the lifters 28a and 28b are controlled, i.e., 
are activated and deactivated together as a group by a 
signal from a dedicated control logic circuit. Alter- 
nately, the dogs and lifters can be controlled by signals 
from the control computer described in detail below. 
Although the lifters and dogs are preferably pneumatic 
devices, equivalent electrical solenoid or hydraulic 
devices could also be used. The control logic circuit 
(not shown> controls the dogs and lifters so that when 
the lifters 28a and 28b are activated to tilt the dis- 
charge end 26d and the vertical lip 26e of the frame 26 
downwardly into the non-restraining position, the dogs 
27a and 27b are activated to extend the spiked ends 27c 
and 27d thereof downwardly to the restraining position. 
Assuming that boards are on the conveyor 14 in the posi- 
tions illustrated in FIG. 5a. the board 16 closest to 
the discharge end of the conveyor 14 will be discharged 
from the conveyor as shown in FIG. 5b and the remaining 
boards will be restrained by the dogs 27a and 27b. 
When the lifters 28a and 28b are deactivated and the 
discharge end 26 and vertical lip 26e of the frame 26 
return to the restraining position, the dogs 27a and 
27b are deactivated and spiked ends thereof return to 
the non-restraining position. The conveyor 14 moves 
the boards forward until they are restrained against 
further movement by the vertical lip 26e. When the 
lifters 28a and 28b and dogs 27a and 27b are again ac- 
tivated, the next board will be discharged from the 
conveyor 14 and the remaining boards restrained. In 
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this fashion, the restraining means operates to discharge 
one board at a time from the conveyor 14 and to restrain 
the remaining boards. 

In the preferred embodiment, sense switches 
30, which are suitably conventional contact switches, 
are mounted on the frame 11 intermediate the dogs 27a 
and 27b and the vertical lip 26e of the frame 26 so 
that each board that passes the dogs and is restrained 
by the lip contacts and actuates the switches. Actua- 
tion of the switches is preferably sensed by the dedi- 
cated control logic as an indication that a board is in 
proper discharge position on the conveyor 14. In the 
event that neither switch is actuated, the logic is 
informed that no board is in the discharge condition 
and that the dogs and lifters may be actuated to move 
another board into the discharge condition. When the 
logic senses that only one of the switches is actuated, 
it is informed that a board is improperly positioned 
for discharge. 

The control logic may simply comprise an AND 
gate having inputs connected to the switches and an 
output connected to conventional driver circuits for 
activating and de-activating the dogs and lifters- The 
output of the AND gate is preferably synchronized with 
the operation of the lumber receiving means 65 by 
simply providing a latch such as a D- latch between the 
output of the AND gate and the driver circuits. The 
D-latch may be clocked by a signal from the proximity 
switch 52 associated with the indexing drive described 
in detail below. An XOR gate having inputs connected 
to the switches may be provided for detecting improper 
position of the board. 

The loading means generally comprises an 
oscillating drive 36, sliding frame means 31, and a 
pair of identical cam follower assemblies, one of which 



wo 88/10415 



- 14 



PCT/US88/01938 



32 is illustrated in detail in FIGs. 3, 4, and 5a-f. 
The sliding frame 31 is connected to the oscillating 
drive 30 which drives it back and forth along a pre- 
determined linear path parallel to the path of the con- 
veyor 14. The cam follower assemblies 32 are connected 
to opposite ends of the sliding frame 31 and are driven 
simultaneously thereby to engage individual pieces of 
lumber discharged from the conveyor 14 near the opposite 
longitudinal ends thereof and to load the pieces of 
lumber into the rotatable lumber receiving means 65 
described in detail below. 

The oscillating drive 36 is preferably a 
Ferguson FD300 oscillating drive or equivalent. The 
oscillating drive 36 has its input shaft connected by 
conventional universal coupling means 36a to one end of 
a drive shaft 33, the opposite end of which is connected 
by conventional universal coupling^ means 60a to -Uie 
output shaft of an indexing drive 60, which is' described 
in detail below, and which drives botii the rotatable 
lumber receiving means 65 and the oscillating drive 36. 

A drive arm 34 is connected at one end to the 
oscillating output shaft of the oscillating drive 36 
and at he other to a horizontal frame menOaer 35 of the 
sliding frame means 31 by a conventional pivoting linkage 
member 36b. The horizontal frame member 35 is preferably 
constructed of a light yet durable material such as 
aluminiim or a material having similar properties. The 
horizontal frame member extends perpendicularly to the 
path of the conveyor l4 for a distance slightly greater 
than the width of the conveyor 14. The horizontal frame 
member 35 is coimected at its opposite longitudinal 
ends by welding, nuts and bolts, or other suitable con- 
necting means to identical sliding frame members, a 
representative one 37 of which is illustrated in detail 
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in FIG. 4. The sliding frame members 37 are in turn 
mounted on bearing blocks 37a and 37b which are mounted 
on a horizontal rod 38. The ends of the rod 38 are 
mounted in supports 38a and 38b which are in turn mounted 
on the frame 11 . 

The cam follower assembly 32 is mounted 
partially on the sliding frame member 37 and partially 
on the frame 11. The portion of the cam follower 
assembly 32 mounted on the sliding frame member 37 is 
mounted adjacent to the outside surface of the frame 
18a, 18b of the conveyor 14. The portion of the cam 
follower assembly 32 mounted on the sliding frame 
member 37 generally comprises loading plate means 39, a 
pawl and latch 39b and 39c respectively, and rolling 
cam followers 40 and 41. The loading plate means 39, 
latch 39c, and cam follower 40 are mounted on a 
horizontal shaft 42 which is rotatably mounted in a 
bearing block 43 which is in turn mounted on the 
sliding frame member 37. The cam follower 40 is 
rotatably mounted to the end of the shaft 42 by a 
vertical extension arm 44. The loading plate means 39 
has a front plate 39d which is connected to a mounting 
ear 39e which is in turn connected to the shaft 42, 
The mounting ear is pivotal ly connected by pivoting 
linkage members 45a and 45b to the sliding frame member 
37. A spring 46 is connected between the linkage 
member 45b and the sliding frame to bias the loading 
plate means 39 and shaft 42 so that the front plate 39e 
of the loading plate means 39 is normally in a vertical 
position. The second cam follower 41 is rotatably 
mounted on a shaft 48 which in turn is connected to the 
pawl 39b. A spring 47 is connected between the pawl 
39b and the sliding frame member 37 to bias the pawl 
39b normally downward. 



wo 88/10415 



- 16 - 



PCr/US88/01938 



The portion of the cam follower assembly 32 
mounted on the frame 11 comprises first and second cam 
follower tracks 40a and 41a. The cam follower track 
40a comprises an upper track 40b and a lower track 40c. 
both parallel to the path of movement of the sliding 
frame member 37. The lower track 40c includes an 
inclined section 40d. the function of which is described 
below in detail. The cam follower 40 and cam follower 
track 40a are preferably positioned so that the can 
follower rolls on the track 40a as the sliding frame 
member 37 drives the cam follower assembly back and 
forth. The cam follower track 41a is also parallel to 
the path of movement of the sliding frame member 37 and 
includes upper and lower sections 41b and 41c respec- 
tively, connected by an inclined section 41d. The cam 
follower 41 and cam follower track 41a are preferably 
positioned so that the cam follower 41 rolls atop the 
cam follower track 41a as the sliding frame member 37 
drives the cam follower assembly 32 back and forth. 

Referring to FIGs. 4 and 5a-f, when a board 
is discharged from the conveyor 14, it is supported 
near its opposite longitudinal ends by horizontal shelves 
49 which are mounted to the side frames 18a and 18b of 
the conveyor 14 and which extend parallel to the conveyor 
14 between the discharge point of the conveyor and a 
loading position of the rotatable lumber receiving means 
65. A layer of Teflon or other material having a low 
coefficient of friction is preferably affixed by adhesive 
or other suitable means to the top surfaces of the shelves 
49 to facilitate sliding of the boards into the Ivunber 
receiving means. As the oscillating drive 36 drives 
the sliding frame means 31 forward, the cam followers 
40 and 41 roll forward along the respective tracks 40a 
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and 41a. The front plates 39d of the loading plate 
means 39 are vertically oriented and engage the edges 
of the lumber 16 supported on the shelves 49 near the 
opposite longitudinal ends thereof. As the cam follower 
assemblies 32 move further forward, the front plates 
39d urge the Ivunber 16 lengthwise and edgewise into a 
slot or compartment 67a of the lumber receiving means 
65 which is in a loading position adjacent to and 
aligned with the shelves 49. As the cam follower 
assemblies 32 move still further forward, the cam 
follower 40 rolls up the inclined section 40d of the 
lower track 40c. As the cam follower 40 rolls up the 
incline, the shaft 42 rotates clockwise so that the 
front plate 39d of the loading plate means 39 rotates 
downwardly to a substantially horizontal position. 

As the oscillating drive 36 reverses direction 
and the cam follower assemblies 32 begin moving toward 
the in-feed end of the conveyor 14, the cam follower 41 
is on the lower portion of the cam.f ollower track 41a. 
The end of the pawl 39b is biased downwardly and engages 
a notch 39f in the latch 39c to prevent the shaft 42 
from rotating back to its original position. The cam 
follower 40 thus rolls along the upper track 40b until 
the oscillating drive 36 reaches approximately its full 
rearward position. At this point, the cam follower 41 
is on the upper portion of the cam follower track 41a 
which urges the end of the pawl 39b upwardly and dis- 
engaes it from the notch 39f in the latch 39c. This in 
turn releases the shaft 42 which rotates counterclockwise 
to its original starting position and rotates the cam 
follower 40 back onto the lower track 40c. 

The foregoing operation of the loading means 
repeats for each board to be loaded into the lumber 
receiving means 65. Preferably, the oscillating drive 
36 is configured with sufficient dwell time at its full 
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rearward or "home" position to allow the lumber receiving 
means 65 to be rotated or indexed by the indexing drive 
60 to the next position before starting forward to load 
the next board. Also preferably, a sensing switch 50, 
which may be a conventional contact switch, is mounted 
to the frame 11 and positioned so that it will be 
actuated by a board discharged from the conveyor 14 and 
supported in loading position on the shelves 49. The 
control logic described above preferably senses the 
actuation of the switch as an indication that a board 
is in loading position and that the dogs and lifters of 
the restraining means should not be actuated to discharge 
another board from the conveyor. Alternatively, -Uie 
state of the switch may be sensed by the control computer 
means described in detail below if it is desired to 
have the computer control the restraining means. Once 
the board in the loading position is loaded into the 
lumber reciving means/ then the* unactuated switch in- 
dicates to the logic that the dogs and lifters should 
be actuated to discharge another board from the conveyor 
14 into the loading position. 

In addition, as best shown in FIG. 3. a cam 

51 is preferably connected to the output shaft of the 
indexing drive 60 and a conventional proximity switch 

52 is mounted adjacent to the cam 51. The cam 51 is 
preferably mounted so that it can be rotated selectively 
and adjusted such that its lobe is Just short of actuat- 
ing the switch when the lumber receiving means is fully 
indexed and stopped at a loading position. When the 
lumber receiving means is being indexed to the next 
position, the switch 52 is actuated to indicate that 
the lumber receiving means is being indexed to the next 
position. In this manner, the restraining and loading 
means operate cooperatively xmder control of the control 
logic to discharge each of the boards from the conveyor 
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14 sequentially into a loading position adjacent to the 
lumber receiving means 65 . 

FIGs. 2 and 3 illustrate the discharge side 
of the preferred classification apparatus 10. The 
discharge side includes a frame network indicated 
. generally as 55. Mounted on the frame 55 is a main* 
drive motor 56 which is preferably a conventional 
Reliance 15 horsepower variable speed drive motor. In 
the preferred embodiment the motor 56 may be suitably 
operated at approximately 175Q revolutions per minute 
which is generally suitable for use in lumber mill 
operations. It is understood that both lower and 
higher operational speeds are also acceptable. The 
motor 56 has an output shaft 56a which is coupled by a 
drive belt 57 to an input shaft 58 of a conventional 
reduction gear and torque limiter 59- The reduction 
gear 59 in turn drives the indexing drive 60. The 
indexing drive 60 and reduction gear 59 are preferably 
a Ferguson FD242 Intermittor and H400 or equivalent 
reduction gear having a reduction ratio of approximately 
15:1. The indexing drive 60 has an output shaft (not 
visible) which has a toothed sprocket (not visible) 
mounted thereon. The indexing drive sprocket engages 
one end of an endless loop drive chain 61. The other 
end of the drive chain 61 is engaged by a toothed 
sprocket 62 which is mounted on a horizontal lumber 
receiving means drive shaft 63. 

The drive shaft 63 is rotatably supported 
substantially horizontally by a pair of bearing blocks 
64 and 64a which are mounted atop columns 64b and 64c 
respectively of the frame network 55 on opposite sides 
of the indexing drive 60. The rotatable lumber receiv- 
ing means referred to above is preferably comprised of 
three carousel wheels 65a, 65b, and 65c, which are 
mounted on the drive shaft 63 perpendicular to the axis 
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of rotation thereof, preferably at equally spaced inter- 
vals. Each of the carousel wheels 65a-c includes a 
mounting ring 66 for mounting on the drive shaft 63 and 
a plurality of fingers 67 extending radially outward 
therefrom to form a plurality of slots 67a for holding 
boards 16 length-wise and edge-wise. Bach of the 
carousel wheels 65a-c preferably has a plurality of 
pieces of a mechanical isolator material 68 bolted or 
otherwise fastened thereto and extending partially into 
each of the slots 67a. The isolator material 68 pre- 
ferably supports each piece pf lumber 16 in each slot 
67a and isolates it from mechanical vibrations in the 
apparatus 10 which can otherwise be transmitted into 
the lumber 16 and affect the results of the classifica- 
tion analysis. In the preferred embodiment, one-quarter 
inch thick, grade 500A virgin Teflon is utilized for 
the isolator material 68. Alternatively, other isolator 
materials such as rubber may be used, but are not pre- 
ferred since such materials tend to compress under force 
and to oppose the sliding motion of the lumber 16 into 
the grading position as described in detail below. 

In the preferred embodiment, each of the 
carousel wheels 65a-c is provided with eight slots 67a. 
The carousel wheels 65a-c are mounted on the drive shaft 
63 so that corresponding slots 67a of each wheel are 
aligned to support a piece of lumber 16 edge-wise at 
selected points along its length. The mounting rings 
66 of the carousel wheels 65a-c are preferably slideable 
horizontally on the drive shaft 63 so that different 
lengths of lumber can be accommodated. The rings 66 
are preferably provided with locking means so that they 
can be locked into a selected position on the shaft 63 . 
For example, the rings 66 may be drilled and tapped so 
that set screws can be used to hold them in place on 
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the shaft 63. Alternatively, locking rings or other 
conventional locking means can be used. 

The preferred indexing drive 60 and reduction 
gear 59 are configured to drive the dr.ive shaft 63 with 
eight stops or positions per revolution of the shaft 
corresponding to the eight slots or positions of the 
carousel wheels 65a-c at a rate of approximately 100 
positions per minute. The indexing sprocket and the 
sprocket 62 are preferably configured In a manner well 
known in the art to convert the output angle of each 
increment of the drive 60 to a 45 degree rotation of 
the shaft 63* 

The top slot position of the carousel wheels 
65a-c is designated as the grading position. In this 
position, a piece of lumber 16 is supported in the 
slots 67a substantially vertically and edge-wise for 
grading by the apparatus 10. As the carousel wheels • 
65a-c index after a piece of lumber 16 has been graded, 
the lumber may be manually removed from the slots 67a 
on the discharge side after being automatically marked, 
stamped, or otherwise identified with a classification 
indicia corresponding to selected calculated charac- 
teristics of the lumber. Alternatively, the lumber may 
be manually removed and then manually identified with a 
classification indicia corresponding to classification 
information displayed on an operator terminal or other 
display media. Also alternatively, the lumber may be 
discharged directly onto a conveyor (not shown) and 
transported thereby to a remote location for further 
processing such as sorting. At the same time a new 
piece of lumber to be classified is loaded into the 
carousel wheels 65a-c on the in-feed side of the appara- 
tus in the manner described above. 

An impactor means 75 is mounted in a housing 
69 adjacent to a first longitudinal end of the piece of 
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lumber 16 when in the grading position and a detector 
means 165 is mounted adjacent to a second opposite 
longitudinal end of the lumber 16 when in the grading 
position. The housing 69 is mounted by conventional 
means to a horizontal beam 70 which extends over the 
carousel wheels 65a-c. A surface 110 of a transmitter 
head, which is described in detail below, extends from 
the housing 69. 

The detector means 165 is mounted for hori- 
zontal movement on a horizontal rod 71. The rod 71 is 
supported by a support member 72 which is in turn 
mounted on tracks 72a or other equivalent structure for. 
horizontal movement on the beam 70. The position of 
the support member 72 on the beam 70 may thus be adjusted 
to accommodate different lengths of lumber 16. Preferably, 
the support member 72 is provided with locking means of 
some type to prevent movement from the selected position 
on the beam 70. 

Also mounted to the support member 72 is a 
pneumatic cylinder 73 (sometimes referred to herein as 
an "air" cylinder). The pneumatic cylinder 73 is 
connected to the back of the detector means 165. The 
control computer 225, which has been referred to above 
and which is described in detail below, selectively 
energizes and de-energizes the pneumatic cylinder 73 to 
extend and retract to move the detector means 165 into 
and out of contact with the piece of lumber 16 in the 
grading position. When energized, the pneumatic 
cylinder 73 extends and forces the detector means 165 
to contact a first longitudinal end of the lumber 16 
and to urge the lumber 16 to slide in the slots 67a of 
the carousel wheels 65a-c so that the second opposite 
longitudinal end of the lumber 16 comes into contact 
with the surface 110 of the impactor means 75. The 
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control comput r then generates a control signal to 
energize the impactor means 75 to impact the second 
longitudinal end of the lumber 16 and to detect and 
analyze the resulting signal generated by the detector 
means 165 in response to the compression force induced 
at the first opposite longitudinal end of the lumber 16 
to determine preselected physical parameters such as 
MOE and MOR for the lumber and assign a corresponding 
grade classification thereto as described below. After 
a piece of lumber is impacted, the computer 225 de- 
energizes the pneumatic cylinder 73 to retract the 
detector means 165. Preferably, the support member 72 
is positioned so that there is adequate clearance between 
the end of the board 16 and the detector means 165 which 
the pneumatic cylinder is retracted to allow the carousel 
wheels 65a-c to index the next piece of lumber 16 into 
grading position without interference from the detector 
means 165. In the preferred embodiment, the pneumatic 
cylinder is driven by approximately 90 psi of air pres- 
sure in order to provide secure clamping of the board 
16 during the grading process. 

Preferably, a sense switch (not visible), 
which is suitably a conventional contact switch, is 
mounted adjacent to the grading position of the carousel 
wheels 65a-c and is actuated each time a piece of lumber 
16 is indexed into the grading position. Actuation of 
the switch is preferably sensed by the control computer 
225 as an indication that a board is in position and 
ready for the grading process to begin. 

In addition, a conventional pressure-actuated 
switch 74 is preferably connected to the pneumatic 
cylinder 73 to identify to the computer 225 whether 
sufficient air pressure is present to clamp a board 16 
to perform the grading process. 
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A detailed description of the operation of 
the preferred classification apparatus is set forth 
below. Generally, however, boards 16 are loaded onto - 
the conveyor 14. The conveyor 14 is energized by a 
signal from, the computer and transports the boards 16 
into the grading portion of the apparatus. The carousel 
wheels 65a-c index, position by position and for each 
index cycle, a board is loaded into a slot 67a in the 
wheels at the loading position- as described above. As 
each board 16 reaches the grading position at the top 
of the carousel wheels 65a-c. the pneumatic cylinder 73 
clamps the board 16 into grading position between the 
impactor means 75 and detector means 165 at opposite 
longitudinal ends thereof. The impactor means 75 
impacts one longitudinal end and the detector means 165 
detects the compression froce induced thereby in the 
opposite longitudinal end thereof. The detector means 
generates an electrical signal corresponding to the 
detected compression force. The signal is analyzed in 
a manner described in detail below and predetermined 
physical parameters (MOE and MOR in the preferred em- 
bodiment) are calculated for the board 16. The values 
of these parameters are used to determine a grade classi- 
fication for the board. The pneumatic cylinder 73 un- 
clamps the board and retracts detector means 165. The 
carousel wheels index to move the graded board out of 
grading position and a new board into grading position. 
At the same time a new board is loaded into the slots 
67a of the carousel wheels 65a-c in the loading position. 
The control computer 225 activates a mechanical stamp, 
paint cylinder, or other marking means to apply an appro- 
priate grade classification indicia corresponding to 
the calculated parameters to the graded board. Alterna- 
tively, an operator marks the graded board with the 
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determined classification indicia and the board is un- 
loaded from the carousel wheels 65a-c. The cycle is 
repeated for each board 16 to be classified. 

Fig. 6 illustrates the details of the 
preferred impactor means 75. As mentioned above, the 
impactor means 75 is mounted in the housing 69. The 
housing 69 includes front and back walls 76 and 78, a 
bottom wall 80, and top and side walls (not shown). 
The impactor means 75 generally comprises a hammer 
solenoid 82, a transmitter head 84. and an armature 
thrust control spring 86. 

The solenoid 82 is mounted on the bottom wall 
80 of the housing 69 by nuts and bolts such as repre- 
sentative huts and bolt 88, 88a, 90, and 90a, or other 
conventional means. Preferably, slots (not shown) are 
machined or otherwise provided in the bottom wall 80 to 
accommodate the bolts 88 and 90 as well as to provide a 
range .of selectable positions for the solenoid 82.' The 
.solenoid 82 includes an armature 92 which is mounted 
within the aperture of the solenoid coil (not shown) in 
a manner well known to those skilled in the art. The 
armature 92 has mounted thereon an armature return stop 
94. The armature return stop 94 is a cylindrical metal 
piece which has a diameter slightly greater than the 
diameter of the armature 92 and slightly greater than 
the solenoid aperture (not shown) through which the 
armature 92 protrudes. The armature return stop 94 may 
be mounted on the armature 92 by drilling and tapping 
the armature return stop 94 and armature 92 and insert- 
ing a set screw 96 or other threaded fastening means. 
The placement of the armature return stop 94 on the 
armature 92 determines the extent to which the body of 
the armature 92 will be seated within the aperture of 
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the solenoid coil when the solenoid 82 is de-energized 
and the range of travel of the armature 92 when the 
solenoid 82 is energized. A hammer 98 is also mounted 
on the armature 92 at the end thereof similarly to the 
armature return stop 94 by a set screw 100. The hammer 
98 has a beveled end 101 with a solid flat face 102 and 
a hollow, cylindrical interior having a diameter suf- 
ficient to fit in secure, abutting contact with the 
armature 92 when placed over the end thereof. 

The transmitter head 84 is preferably a 
machined piece of solid steel having a cylindrical body 
104 and a circular flange 106 formed thereabout per- 
pendicularly to the central axis of the body 104. One 
end of the cylindrical body 104 is beveled down to a 
flat impact- surface 108. The opposite end of the 
cylindrical body 104 has machined therein a plurality 
of points or teeth 110. A cylindrical opening 112 
having a diameter slightly larger than that of the 
cylindrical body 104 is machined in the front wall 76 
of the housing to receive the cylindrical body 104. A 
cylindrical countersunk cavity 114 is machined into the 
front wall 76 concentrically with the cylindrical open- 
ing 112. The diameller of the cavity 114 is preferably 
slightly larger than the diameter of the flange 106 of 
the transmitter head 84. The depih of the countersunk 
cavity 114 and the position of the flange 106 are pre- 
ferably, selected so that a portion of the cylindrical 
body 104 having the points 110 extends beyond the 
outside surface of the front wall 76 of the housing 
69. The cylindrical opening 112 is machined so that 
when the transmitter head 84 is moxinted therein the 
cylindrical body 104 and the flat, circular impact 
surface are concentric with the face. 102 of the hammer 
98. A cyliadrical steel retainer plate or washer 116 
which has a diameter slightly larger than the diameter 
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of the countersunk cavity 114 is mounted to the front 
wall 76 by screws 115 and 117 and retains the trans- 
mitter head 84 in its mounting position in the front 
wall 76. 

It is critical that the transmitter head 84 
be isolated from the front wall 76 so that substan- 
tially all of the impact energy applied to it by the 
hammer 98 when the solenoid 82 is energized is trans- 
mitted to the material to be classified or graded and 
not transmitted into the front wall 76. Likewise, it 
is critical to isolate the transmitter head 84 from the 
front wall 76 so that vibrations induced in the front 
wall 76 during operation of the classification appara- 
tus are not transmitted by the transmitter head 84 to 
the lumber to be classified or graded. 

Accordingly, a plurality of isolation rings 
118 preferably in the form of rubber "O" rings are 
mounted around the section of the cylindrical body 104 
which is mounted within the cylindrical opening 112. 
In addition, a compression washer 120 and an isolation 
washer 122 having diameters approximately equal to the 
diameter of the circular flange 106 are mounted on 
opposite sides thereof with the compression washer 120 
being mounted between the flange 106 and the front wall 
76 and the isolation washer 122 being mounted between 
the flange 106 and the retainer plate 116. The com- 
pression washer 120 is preferably a rubber washer of 
the type commonly used as gasket material. The isola- 
tion washer 122 is preferably grade 500A virgin Teflon. 
As described below, the compression washer 120 not only 
provides isolation between the transmitter head 84 and 
the front wall 76, but also allows a slight amount of 
movement of the transmitter head 84 when impacted by 
the hammer 98 to minimize the plastic zone between the 
lumber to be classified and the transmitter plate 84. 
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To further minimize the plastic zone between 
the transmitter head 84 and the lumber to be classified, 
it is preferred that the points 110. which are provided' 
for engaging the lumber, be approximately 3/16 inch 
deep and be filed flat. This arrangement tends to maxi- 
mize the surface contact between the end of the lumber, 
which in practice can be quite uneven and ragged, and ' 
the transmitter head 84. At the same time, the use of 
flat points prevents deformation of the lumber and con- 
sequent disruption of the compression force at impact. 
Other configurations, such as a flat face, may be found 
suitable for use with other types of materials having 
smoother, less ragged surfaces. In addition, to maximize 
the transfer of impact energy from the hammer 98 to the 
lumber, it is preferred that the transmitter head 84 be 
constructed of steel having at least 1044 gauge hardness 
and ha;ving the grain running parallel to the direction 
of impact. 

An impact detector is preferably placed in 
contact with the transmitter head 84 to sense the 
impact of the impactor means 75 against the transmitter 
head 84. In the preferred embodiment, an impact accelero- 
meter 148 is mounted to the transmitter head 84 by drill- 
ing and tapping a hole approximately 3/8" in depth in 
the head 84 and mounting the accelerometer 148 accordingly 
The output of the accelerometer 148 is connected to an 
input of the data acquisition circuitry described in 
detail below and generates a data acquisition signal on 
impact to notify the data acquisition electronics that 
impact, i.e.. the condition of iiiterest. has occurred. 
The accelerometer 148 is suitably any conventional 
accelerometer. Alternatively, since there is a certain 
potential associated with the armature 92 and since the 
preferred transmitter head 84 is constructed of an 
electrically conductive material, the transmitter head 
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84 can be electrically connected to an input port of 
the computer or data acquisition electronics and contact 
between the armature 92 and the transmitter head 84 
itself used to signal impact. Other impact sensing means 
known in the art, such as contact switches, may also be 
used. 

In order to maximize the accuracy and repeat 
ability of the results, it is desirable for the hammer 
98 to impact the transmitter head 84 with the same 
force each time the hammer solenoid 82 is energized. 
It is also desirable for the force to be within certain 
limits to produce a signal having characteristics 
suitable for analysis. These objects are accomplished 
in the preferred embodiment by adjusting the travel of 
the armature 92 prior to the face 102 of the hammer 98 
striking the face 108 of the transmitter head 84 and by 
controlling the thrust of the armature at impact. 

Optimally, the travel of the armature 92 is 
adjusted such that each time the solenoid 82 is ener- 
gized the face 102 of the hammer 98 actually just "taps" 
the impact surface 108 of the transmitter head 84. 
Accordingly, it is desirable to adjust the position and 
travel of the armature 92 prior to impact- The position 
and travel of the armature 92 are controlled by the 
positioning of the armature return stop 94 on the arma- 
ture 92 and by the positioning of the solenoid 82 on 
the bottom wall 80 of the housing 59. The position of 
the solenoid 82 on the bottom wall 80 is preferably 
maintained by a front 124 and a rear 126 spacer block 
which fit in abutting contact between the front of the 
solenoid 82 and the front wall 76, and the rear of the 
solenoid 82 and the back wall 78 respectively. Fine 
adjustment of the position of the solenoid 82 may be 
provided by front 125 and rear 127 spacer shims between 
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the front 124 and rear 126 spacer blocks and the front 
and rear of the solenoid 82 respectively. Preferably, 
the armature return stop 94 and the position of the 
solenoid 82 on the bottom wall 80 are cooperatively 
adjusted so that at least a portion of the armature 92 
remains within the aperture of the coil of the solenoid 
82 to reduce heating of the coil and optimize response 
when the solenoid is energized. 

The armature thrust control spring 86 pre- 
cisely controls the contact time of the impact force 
applied by the hammer 98 to the transmitter head 84 
each time the solenoid 82 is energized. The armature 
thrust control spring 86 is suitably a conventional 
steel coil-type spring which is capable of providing at 
least 20 pounds of tension. A Barnes 6-3/4" spring 
number E03 60-034-2500 spring has been found suitable. 
One end of the spring 86 is connected to a mounting 
fixture 130 which forms a portion of the armature 92 by 
a suitable connecting link 132. The other end of the 
spring 86 extends through an opening 134 machined in 
the back wall 78 of the housing 69 into a hollow, 
elongated spring. housing 136 and connects to an end of 
a tension rod 138. The housing 136 has a diameter 
slightly smaller than the diameter of the opening 134 
The housing 136 is fitted within the opening 134 and is 
held in place by a pair of lock nuts 140. A cylindrical 
cap 142 having a central opening (not shown) caps the 
opposite end of the housing 136. The tension rod 138 
extends through the aperture in the cap 142 and through 
an adjusting nut 144. The tension rod 138 is provided 
with. a threaded section 146 which mates with correspond- 
ing threads of the adjusting nut 144, By rotating the 
adjusting nut 144. the tension exerted by the spring 86 
on the armature 92 in a direction opposite to the direc- 
tion of impact can be precisely adjusted. 
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In the preferred embodiment, the solenoid 82 
is driven by a high voltage AC power source in response 
to control signals from the control computer 225 as 
described In detail below. In this embodiment, it has 
been found beneficial to adjust the spring tension so 
that the armature is held against movement in the 
direction of impact until approximately 5° prior to top 
dead center of the AC waveform. At approximately 5° 
prior to top dead center » the solenoid has built up a 
sufficient electromagnetic field to overcome the spring 
tension to thrust the armature 92 in the direction of 
impact and to cause the hammer 98 to impact the trans- 
mitter head 84 at approximately top dead center of the 
AC waveform. At this point, the armature has maximum 
thrust and applies maximum impact force to the trans- 
mitter head 84. In addition, by delaying the armature 
92 movement until near the top of the AC waveform » ^ 
rapid acceleration of the armature 92 and hence the 
hammer 98 is obtained. The spring 86 thus establishes . 
a sort of reference for the impactor means 75 and 
precisely controls the timing of the impact force 
applied to the transmitter head 84 relative to this 
reference. In addition, the spring 86 rapidly retracts 
the hammer 98 from the transmitter head 84 when the 
hammer solenoid 82 is de-energized, thereby minimizing 
the transmission of any "chatter" between the hammer 98 
and transmitter head 84 into the board 16. 

In the preferred embodiment, the response and 
acceleration of the armature 92 and hence the impact 
force of the haimner 98 are further maximized by driving 
the solenoid 82 in a current in-rush mode at approxi- 
mately twice its normal rating. Thus, a solenoid rated 
at 115V is preferably driven at approximately 230V and 
a solenoid rated at 230V is preferably driven at 
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approximately 460 volts. At this voltage, it is desir- 
able to drive the solenoid 82 for only one to one and a 
half cycles of the AC waveform. Thus, the hammer 
solenoid 82 used in the preferred embodiment must be 
able to withstand high in-rush currents at double its 
rated voltage capacity for short durations, and be able 
to develop a sufficient electromagnetic field in one to 
one and a half cycles of the AC waveform to overcome 
the tension of the spring 86 and impact the transmitter 
plate 84. In the preferred embodiment, a Model 5600 
push-pull type industrial solenoid Model No. 42-05604 
rated at 230 volts available from Steams. Milwaukee. 
Wisconsin, has been found suitable for use at a 
Pi^ef erred drive voltage of 480 VAC. 

Using the preferred Steams solenoid, in the 
preferred embodiment highly accvirate and repeatable 
results have been obtained by adjusting the spring 86 
using a strain gauge to provide 20 to 25 pounds of 
tension on the armature 92. and adjusting the positions 
of the. solenoid 82 and armature return stop 94 to 
provide approximately 5/8" of travel of the hammer 98 
prior to impact with the transmitter head 84. 

FIGS. 7a through 7c illustrate the details of 
the preferred detector means 165 of the invention. The 
detector means 165 includes. an elongated cylindrical 
pick-up rod 170 which is mounted vertically to a front 
plate 168 in such a manner that approximately one-third 
of the circumference of the rod 170 extends outwardly 
beyond the front surface of the front plate 168. The 
manner of mounting the pickup rod 170 to the front 
plate 168 is described in greater detail below. A 
clevis ear 180 is connected to the front plate 168 by a 
plurality of threaded bolts 176. . Countersunk wells 174 
are machined or otherwise provided in the front surface 
of the front plate 168 so that the heads of the bolts 
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176 are recessed in the front plate 168. Isolation 
washers 178, preferably of Teflon, isolate the heads of 
the bolts 176 from the surface of the front plate 168. 
Holes are drilled through the front plate 168 and into 
the clevis ear 180 to accommodate the bolts 176. The 
holes drilled in the clevis ear 180 are tapped to receive 
the threaded sections of the bolts 176. An isolation 
shim 184 is preferably positioned between the clevis 
ear 180 and the front plate 168 to isolate the two 
components. 

The front plate 168 is connected by an angle 
bracket 186 to a horizontal mounting block 188. The 
front plate 168 is connected to a vertical section of 
the angle bracket 186 by a plurality of threaded bolts 
192 and corresponding nuts 194. Countersunk wells 190 
are machined or otherwise provided in the front plate 
168 so that the heads of the bolts 192 are recessed 
below the front surface of the front plate 168. The 
horizontal mounting block 188 is connected to the hori- 
zontal section of the angle bracket 186 by a plurality 
of threaded bolts 195 and corresponding nuts 197. Coun- 
tersunk wells 199 are machined or otherwise provided in 
the top surface of the mounting block 188 so that the 
heads of the bolts 195 are recessed below the top surface. 

A bearing support plate 196 is mounted hori- 
zontally flush with the top surface of the mounting 
block 188 in a damped arrangement by a plurality of 
threaded bolts 202 and corresponding nuts 204. Counter- 
sunk wells 208 are provided in the bottom surface of 
the mounting block 188 so that the heads of the bolts 
202 are recessed below the surface of the mounting block 
188. The length of the bolts 202 is preferably selected 
to provide sufficient excess vertical space for the 
mounting of a cylindrical spring 206 onto the bolt 202 
between the top surface of the bearing support plate 
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196 and the bolt 204. The springs 206 provide damping 
so that when the detector means 165 moves on the rod 62 
any vibrations due to such movement are damped and pre- 
vented from being transmitted to the pickup rod 17o". A 
bearing block 198 having a cylindrical aperture 200 is 
mounted with the aperture oriented horizontally to the 
bearing support plate 196 by a plurality of threaded 
bolts 199 and corresponding nuts 201. Countersunk wells 
203 are provided in the top surface of the mounting 
block 188 for each of the heads of the threaded nuts 
199 so that the bearing support plate 196 fits flush 
with the top surface of the mounting block 188. The 
cylindrical rod 71. illustrated in FIG, 2. runs through 
the aperture 20O and supports the detector means 165 
for horizontal movement thereon as described above. 

As best shown in FlGs. 7b and 7c. a key- shaped 
vertical, slotted opening 172 is machined or otherwise 
provided in the front plate 168 to receive the cylindri- 
cal pickup rod 170. A hole is drilled through the back 
of the front plate 168 at the mid point of the vertical 
dimension of the slot 172 to receive a threaded stud 
210. A one-quarter inch layer of silicone gel 214. 
such as G.E. Clear Silicone Gel, No. 361. is initially 
inserted into the bottom of the slot 172 and allowed to 
cure. The cylindrical pickup rod 170 is provided with 
a threaded hole which is aligned with the hole drilled 
in the back of the front plate 168. After the initial 
layer of the silicone gel 214 has cured, the pickup rod 
170 is mounted atop the initial layer and bolted into 
Place by the threaded bolt 210. Then, the remainder of 
the slot is filled with silicone gel 214- such that the 
area between the bolt 210 and the walls of the front 
plate 168 and the area between the pickup rod 170 and 
the walls of the front plate 168 are completely filled 
with gel 214. The gel 214 is inserted until flush with 
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the front surface of the front plate 168 and is then 
allowed to cure. A transducer means in the form of a 
conventional accelerometer 212 is then attached by con- 
ventional means to the head of the stud 210. The- 
accelerometer is suitably a Columbia 3029 or equivalent 
accelerometer. The output of the accelerometer 212 is 
electrically connected to the input of the data acquisi- 
tion circuitry 230 which is described in detail below. 

The clevis ear 180 of the detector means 165 
is provided with a flat contact surface 182 opposite 
the back side of the front plate 168. The flat contact 
surface 182 is adapted to be attached to the pneumatic 
cylinder 73 as illustrated in FIG. 2 and described 
above so that when the cylinder 73 is energized, the 
cylinder urges the detector means 165 horizontally 
along the cylindrical 71 rod and urges the front surface 
of the pickup rod 170 into contact with the .end of ^the 
piece of lumber 16 as described above. 

FIG. 8 is a block diagram illustrating 
generally the electronic control and processing compo- 
nents of the presently preferred embodiment of the auto- 
mated material classification apparatus of the invention. 
The heart of the electronics is a control computer 225, 
which is described in detail below. A conventional 
operator terminal 228, such as a so-called dumb termi- 
nal, is connected to an I/O port of the computer 225 by 
conventional cable and interface means. Also connected 
to I/O ports of the control computer 225 in a similar 
known fashion are inputs and outputs of data acquisition 
circuitry 230. The data acquisition circuitry 230 com- 
prises signal conditioning circuitry 232, an analog to 
digital (A/D) converter 234, a memory address counter 
236, timing circuitry 238, and data memory 240. The 
input of the signal conditioning circuitry 232 is con- 
nected to the output of the data accelerometer 212 amd 
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the output of the signal conditioning circuitry 232 is 
connected to an analog data input of the A/D converter 
234. The A/D converter 234 converts the conditioned 
analog signal to digital words and outputs the digital 
words directly to the data memory 240. The timing cir- 
cuitry 238 has outputs connected to the data memory 240 
and to the memory address counter 236. The timing cir- 
cuitry 238 controls the operation of the memory address 
counter 236 and data memory 240 to read and store the 
digital words generated by the A/D converter at appro- 
priate times and to output the stored digital words to 
the control computer 225 at appropriate times as de- 
scribed in detail below. The timing circuitry 238 has 
an input connected to an output of trigger conditioning 
circuitry 242 which in turn has an input connected to 
an output of the impact detector 148 described above. 
The data acquisition electronics 230 and the trigger 
conditioning circuit 242 are both described in detail 
below. 

The control computer 225 also has a plurality 
of output ports connected to inputs of a plurality of 
relay drivers 246. which are suitably 74LS244 tri- state 
line drivers or equivalents. The outputs of the relay 
drivers 246 are connected to inputs of conventional 
control relays 248. which are suitably Microelectronic 
model 240PS10 solid-state, optically-isolated relays or 
equivalents. Each of the control relays 248 is connected 
with one control terminal being connected to the output 
of the corresponding relay driver 246 and the other 
control terminal being grounded. The first AC terminal 
of each control relay 248, with the exception of the 
control relays associated with the hammer solenoid 82. 
i» connected to the AC output . of a 110 volt AC power ' 
source. The second AC terminal of each relay 248. with 
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the exception of the relays associated with the hammer 
solenoid 82, is connected to one end of the coil of a 
solenoid 2S0, the other end of which is connected to 
the neutral side of the 110 volt AC power source. The 
control computer 225 generates control signals for the 
relay drivers 246 to selectively energize and de-energize 
control relays 248 to selectively energize and de-energize 
solenoids 250 to thereby selectively control the operation 
of the components of the apparatus 10. The solenoids 
250 in turn operate the impactor means 75, as described 
above, identification means 256, which may be a stamp, 
paint sprayer, or other marking means to apply a classi- 
fication indicia to classified lumber, the conveyor 14, 
and the air cylinder 73 to clamp a board to be classified 
between the impactor means 75 and detector means 165 as 
described above. 

A plurality of switch conditioning circuits 
254 have outputs connected to input ports of the control 
computer 225. The inputs of the switch conditioning 
circuits 254 may be connected to outputs of a corres- 
ponding plurality of sense switches 252. As described 
above, the sense switches 252 preferably include contact 
switches mounted adjacent to the discharge position of 
the conveyor 14, the load position, and the grading 
position, a proximity switch 52 mounted adjacent to the 
cam of the indexing drive 60, and a pressure switch 74 
connected to the pneumatic cylinder 73. In the preferred 
embodiment, the pressure switch 74, grading position 
switch and proximity switch are connected to the computer 
225 while the remaining switches are connected to separate 
control logic as described above. Alternatively, all 
of the sense switches could be connected to the computer 
225. The switch conditioning circuitry 254 suitably 
comprises 74LS279 R-S latches or equivalents which are 
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used to latch and debounce the signals generated by the 
sense switches 252. 

FIG. 9 is a schematic diagram which illus- 
trates the details of the control relay arrangement 
used with the hammer solenoid 82 of the impactor jneans 
75. Two solid state relays 248a and 248b of the pre- 
ferred type are employed to control the energization of 
the hammer solenoid 82 to operate the hammer solenoid 
82 in a high current in-rush mode, as described above. 
Both relays 248a and 248b have their positive control 
terminals connected to an output of a relay driver 246. 
The negative control terminals of both relays 248a and' 
248b are connected to ground. The first AC terminal of 
relay 248a is connected to one side of a 480 volt AC 
power source. The first AC terminal of the relay 248b 
is connected to the other side of the 480 volt AC power 
source. The second AC terminals of the relays 24aa and 
248b are connected to opposite ends of the coil of the 
hammer solenoid 82. When a board is in grading position, 
the control computer 225 outputs a control signal to 
the relay driver 246 corresponding to the impactor means. 
75. The relay driver 246 in turn energizes the. control 
relays 248a and 248b which connects the coil of the 
hammer solenoid 82 directly between tiie 480 volt and 
ground terminals of the 480 volt AC power source. As 
described above, once the solenoid 82 is energized, it 
develops a sufficient electromagnetic field to thrust 
the armature forward to impact the transmitter head 84 
of the impactor means 75 within one to one and one-half 
cycles of the AC waveform. The solenoid 82 remains 
energized until the control computer 225 removes the 
control signal which causes the relay driver 246 to 
de-energize the control relays 248a and 248b. Operation 
of the control relays 248 corresponding to the pneumatic 
cylinder 73. identification means 256. and conveyor 14 
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is similar, except that a single relay is used to ener- 
gize the solenoids for each of these components. 

FIG. 10 is a schematic and block diagram 
which illustrates the details of the data acquisition 
circuitry 230. The signal conditioning circuitry 232 
is preferably conventional, impedance matching and 
scaling circuitry 294 which is well known to those 
skilled in the art. The impedance matching and scaling 
circuitry 294 matches the output impedance of the data 
accelerometer 212 and the input impedance of the analog 
data input terminal of the A/D converter 234, The 
impedance matching and scaling circuitry 294 also 
scales the output signal of the data accelerometer 212 
so that the signal is restricted to a range of +/- 10 
volts which is the maximum signal voltage range of the 
preferred A/D converter, identified below. 

The A/D converter 234 is preferably a high 
speed A/D converter capable of operating at at least 
500 KHz, and having a high degree of digital resolution. 
An A/D converter which has been found to possess the 
preferred characteristics is the Analog Devices HAS-1204 
A/D converter. This A/D converter has 12-bit resolution 
and operates at word output rates of 500 KHz. Accord- 
ingly, this A/D converter and equivalents are preferred 
for use. The twelve data output terminals of the A/D 
converter 234 are connected to corresponding data input 
terminals of the data memory 240. The data memory 240 
comprises a 16-bit RAM 260, which is suitably comprised 
of two 8K X 8 Hitachi HM6264LP-10 high speed static 
CMOS RAMs configured as an 8K x 16 RAM memory. The 
data memory 240 also comprises a pair of tri-state input 
buffers 266 and 268, and a pair of tri-state output 
buffers 262 and 264. Each of the buffers is suitably a 
74LS541 or equivalent 8-bit buffer. The eight low order 
digital output bits D0-D7 of the A/D converter 234 are 
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connected to data inputs of the input buffer 268 and 
the four high order, digital output bits D8-DH are con- 
nected to data inputs of the input buffer 256. The 
data output terminals of the input buffers 266 and 268 
are in turn connected to corresponding data input ter- 
minals D0-D15 of the RAM 260. The data terminals D0-D15 
of the RAM 260 are also connected to corresponding data 
input terminals of the output buffers 262 and 264 with 
the ei^ht low order bits D0-D7 being connected to data 
inputs of the output buffer 264 and the eight high order 
bxts D8-D15 being connected to data outputs of the output 
buffer 262. 

The memory address counter 236 is preferably 
a 16-bit . cotanter comprised of two eight bit 74LS393 
binary counters or equivalents. The output terminals 
of the counter 236 are connected to the corresponding 
address lines of the RAM 260 in a fashion well known to • 
those skilled in the art. The address counter 236 in- 
cludes clear CLR and clock CLK terminals which are con- - 
nected to outputs of the timing circuitry 23a as de- 
scribed in detail below. The counter 236 output 
terminal representing the value 2 connected to an 
input of the timing circuitry 238 also as described in 
detail below. 

The timing circuitry 238 comprises D- latches 
270. 272. 274. 276 and 278. J-K flip-flop 280. NAND 
gate 275. OR gatea 282 and 284. and AND gates 286 and 
288. In addition, the timing circuitry 238 includes a 
divide-by-two circuit 290 and a negative-edge-triggered 
90ns one-shot. The timing circuitry 238 receives as 
xnputs counter clear CNTRCLR, sample period enable 
ENAB. and inverted data read /READ signals from the 
control con^juter 225. The timing circuitry 238 also 
receives a data acquisition or trigger signal TRIGGER 
from the trigger conditioning circuitry 242 and the 2 
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MHz clock signal E of the control computer 225. The 
timing circuitry 238 generate^ output signals which 
control the read and write state of the RAM 260, enable 
the input and output buffers 262, 264, 266, and 268, 
and trigger the A/D converter 234. The timing circuitry 
238 also generates a sample period enable acknowledgement 
signal SFF and a sample period completed signal END 
which are communicated to input ports of the control 
computer 225. 

In operation, the data acquisition circuitry 
230 receives the analog signal generated by the data 
acceleroraeter 212 when a piece of lumber to be classified 
is impacted by the impactor means 75, samples the analog 
signal and converts it to 12 -bit digital words, stores 
the digital words in the RAM 260, and subsequently reads 
the digital data words out of the RAM 260 and sends 
them to the control computer 225 for analysis. Depending 
upon the position of a jumper 277 in the timing circuitry 
238, sampling can be initiated directly by the computer 
225 by sending a high ENAB signal, or by a high TRIGGER 
signal from the trigger conditioning circuit 242 after 
a high ENAB signal enables the start of a sample period. 
The occurrence of the ENAB or TRIGGER signal (depending 
on the jumper 277 setting) sets the output of the D-latch 
276 which generates a low enable sample period acknow- 
ledgement signal SFF which identifies to the control 
computer 225 that sampling has been initiated. 

The timing circuitry 238 generates a 500 KHz 
sample clock signal from the 2 MHZ computer clock signal 
using the D-latch 272 and the divide-by^ two circuit 
290. The 500 KHz sample clock signal appears at the 
output of the divide-by- two circuit 290 and is used to 
drive the 90nS pulse generator circuit 292. The pulse 
generator circuit 292 generates 90nS pulses coincident 
with the negative edge of the 500 KHz sample clock signal 
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at its output. The 90nS pulses are conducted, to the 
ENCODE terminal of the A/D converter 234 and cause the 
A/D converter 234 to sample the scaled analog signal 
appearing at the output of the impedance matching and 
scaling circuit 294. 

The positive going edge of the 500 KHz sample 
clock signal clocks the address counter 236 to increment 
the RAM 260 address. On the first positive going edge 
of the SCO KHis clock signal following the initiation of 
a sample; period, the outputs of the D-latch 278 enable 
the input buffers 266 and 268 and the RAM 260 to receive 
and store 16-bit digital words. Thereafter, each time 
the A/D converter 234 generates a low DATA READY signal, 
indicating that a 12-bit digital sample word is ready, 
the buffers 266 and 268 input the 12-bit word and output 
a 16-bit digital sample word, the low order 12 -bits of 
which are the output of the A/D converter 234, to the 
RAM 260 which stored it. The data acquisition circuitry 
230 continues to generate and store 16-bit digital sampl4 
words characterizing the analog data accelerometer signal 
in-sequential locations of the RAM 260 without interven- 
tion of the control computer 225 until the entire RAM 
260 is filled. 

On the next positive going edge of the sample 
clock signal after the RAM 260 is filled, the address 
counter 236 output line corresponding to the value 2^^ 
goes high. This address line is decoded by D-latch 274 
and OR gate 282 which clear the address cbunter 236, 
generate a low sample period end signal END to signify 
to the control computer 225 that the sample period has 
been completed, and clear the output of the D-latch 276 
to caus& the enable sample period acknowledge signal 
SFF to go high. 

When the control computer is ready to read 
the digital sample data from the RAM 260, it first 
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generates a low counter clear signal CNTR CLR to reset 
the output of the address counter 236. The computer 
next generates a low read signal /READ to enable the 
output buffers 262 and 264 to read the 16-bit digital 
sample words from the RAM 260 and to send them to the 
control computer 225. So long as the END signal remains 
low, a high signal is present at the Q output of the 
D-latch 278, which holds the input buffers 266 and 268 
disabled so that no data can be written into the RAM 
260, As described in detail below, the control computer 
225 in the preferred embodiment is an 8-bit computer. 
The computer 225 therefore reads the 16-bit digital 
sample words from the RAM 260 8-bits at a time. To 
read the data, the computer 225 generates a string of 
READ pulses. The negative edge of each READ pulse clocks 
the J-K flip-flop 280 to alternately enable the output 
buffers 262 and 264. Odd /READ pulses enable the RAM 
260 and the output buffer 262 to output the eight high 
order bits D8-D15 of a 16-bit word to the computer 225. 
Even /READ pulses enable the RAM 260 and output buffer 
264 to output the eight low order bits D0-D7 of a word 
to the control computer 225. The address counter 236 
is clocked on the negative-going edge of every other 
/READ pulse to increment the RAM address after every 
pair of 8-bit bytes has been read. 

In the preferred embodiment, it has been found 
that approximately 575 16-bit sample words correspond 
to approximately one cycle of the analog signal. Accord- 
ingly, it is adequate to read approximately 575 16-bit 
sample words from the RAM 260 into the computer 225 for 
analysis. It is preferable to analyze a number of samples 
corresponding to at least one cycle in order to accurately 
calculate the preferred MOE and MOR parameters for each 
board. It is apparent, however, that additional sample 
words are stored in RAM 260" and are available for analysis 



wo 88/10415 



- 44 - 



PCT/US88/01938 



as needed or desired. It is also understood that more 
or fewer sample words may be read into the computer 225 
for analysis depending on the requirements for the 
material to be classified. 

Following reading of the desired number of sample 
words into the computer 225, on the next occurrence of 
an ENAB or a TRIGGER signal (depending on the setting 
of jumper 277), the address counter 236 is again cleared 
and another sample period is initiated, as described 
above- Thus, each time the control computer 225 issues 
a command 1iro impact a piece of lumber 16 aiid each time 
an impact is detected, a new sample period may be auto- 
matically initiated by the data acquisition circuitry 
230 without intervention of the computer 225 and syn- 
chronized with the occurrence of the condition of 
interest, i.e., generation of the compression force in 
the lumber being graded. Thereafter, the data acquisi- 
tion circuitry 230 accumulates a plurality of digital 
sample words defining the data accelerometer 212 analog 
output signal, and when the data acquisition circuitry 
memory is completely filled, the data acquisition cir- 
cuitry 230 signals the computer 225 to read the data. 
The data acquisition circuitry 230, by operating without 
intervention. of the control computer 225, frees the 
control computer 225 for other tasks, such as analyzing 
previous digital sample words stored in the computer 
memory, or attending to certain control functions. 

FIG. 11 is a block diagram which illustrates 
additional details of the trigger conditioning circuit 
242 which is shown generally in FIG. 8. The trigger 
conditioning circuit 242 comprises a linear amplifier 
300, which may be a suitably biased operational ampli- 
fier, a full wave rectifier 302. which is suitably a 
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conventional diode bridge, a conventional TTL clamp 
circuit 304, and a conventional one-shot 306. The 
linear amplifier 300 amplifies the signal from the im- 
pact accelerometer 148 with a fixed gain. The full 
wave rectifier 302 rectifies the amplified signal and 
the TTL clamp circuit 304 clamps the signal to a TTL 
logic level. The signal output by the TTL clamp cir- 
cuit 304 triggers the one-shot 306 which in turn out- 
puts a digital TRIGGER signal. Preferably, the TRIGGER 
signal has duration less than the time required to com- 
pletely fill the RAM 260 of the data acquisition cir- 
cuitry 230 with digital sample words as described 
above. In the preferred embodiment, at the preferred 
sample rate of approximately 500 KHz it takes approxi- 
mately 16 milliseconds to completely fill the 8K RAM 
260. 

FIG. 12 is a block diagram which illustrates 
the details of the control computer 225. The preferred 
control computer 225 comprises a conventional 8-bit 
microprocessor 312, a floating point processor 314, 
program and calculation memory 316. an I/O interface 
318, and a 2MHz clock 310 which drives the microproces- 
sor 312 and which supplies clock signals E to the timing 
circuitry 238 of the data acquisition circuitry 230. 
The microprocessor. 312 is suitably a conventional 63B03 
microprocessor or equivalent. The microprocessor 312 
is connected to the program and calculation memory 316 
by control, data, and address lines in a manner well 
known to those skilled in the art. In addition, the 
microprocessor 312 is connected to a conventional float- 
ing point processor 314, which is suitably an AM9511A 
or equivalent floating point processor, also by control. 
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data, and address lines as is well known to those skilled 
in the art. The floating point processor 314 is. able 
to quickly perform arithmetic operations involving 
decimal point numbers, and is accordingly a preferred 
component of the control computer 225. which must be 
able to quickly and accurately compute the preferred 
MQE and MOR values from a selected predetermined formula 
or formulas, which typically contain a plurality of 
decimal point coefficients. In addition, the parameter 
values derived from the digital sample words in the 
manner described below are also typically decimal point 
values . 

The I/O interface 318 is likewise connected 
in a well known fashion to the microprocessor 312 via 
the address, data, and control lines. The I/O interface 
318 may be suitably comprised of one or more selected, 
conventional interface chips such as programmably 
interface adaptors (PIA's) which are avaij.able from 
Motorola, or programmable peripheral interfaces (PPl's) 
which are available from Intel. in the preferred 
embodiment, the I/O interface 318 is addressed like a 
peripheral in order to input and output control and 
data signals. This addressed I/O technique is well 
known to those skilled in the art and does not require 
further description herein. The I/O interface 318 
receives as inputs the /SEF and /END signals from the 
data acquisition circuitry 230. a board in position BD 
IN POS. INDEXED and AIR pressure insufficient signals 
from sense switches 252. and 8-bit digital words from 
the data acquisition circuitry 230. The I/O interface 
318 also outputs control signals from the microprocessor 
312 to control the operation of the automated material 
classification. apparatus. The I/O interface 318 outputs 
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con-trol signals to energize and de-energize the identi- 
fication means 256, the pneumatic cylinder 73, the con- 
veyor 14, and the hammer solenoid 82. In addition, the 
I/O interface 318 outputs ENAB and /READ signals from 
the microprocessor 312 to the data acquisition elec- 
tronics 230. 

After the computer 225 reads the preferred 
575 digital sample words representing the data accelero- 
meter 212 analog signal from the data acquisition RAM 
260 into its own memory 316, it analyzes the data in a 
manner which is described in detail below. Generally, 
however, the first step in the analysis is to assign 
values from the stored data to a plurality of predeter- 
mined parameters or variables derived from predetermined 
characteristics of the sampled analog signal for a pre- 
determined period, preferably over at least one cycle 
of the signal. The parameters are, at least initially, 
arbitrarily selected. However, experience has shown 
that the parameters which will now be identified provide 
highly accurate and repeatable calculations of the pre- 
ferred MOE and MOR parameters for pre-cut lumber 
generally. 

FIG. 13 illustrates a typical analog waveform 
generated by the data accelerometer 212. The character- 
istics from which the parameters are derived are defined 
with respect to the waveform as follows. The time of 
impact TOI of the impactor means 75 against the board 
16 is the point in time at which the data acquisition 
electronics 230 begins sampling the accelerometer signal. 
The end of transit time EOTT is the time when the acce- 
lerometer first detects the compression force generated 
as a result of the tap by the impactor means 75. This 
is the reference time used for all subsequent time mea- 
surements made of the sampled signal. The transit time 
interval TTI is the time interval from the time the 
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impactor means 75 taps the board TOI to the end of tran- 
sit time EOTT. 

The first positive peak amplitude PA is the 
amplitude of the first positive peak that occurs in the 
waveform. The time of the first positive peak amplitude 
TPA is that time interval between the end of transit 
time EOTT and the occurrence of the first positive peak 
amplitude PA. The time of the first zero crossing after 
the occurrence of the first positive peak amplitude 
TPAZ is that time interval from the end of transit time 
EOTT to the occurrence of the first zero crossing after 
the occurrence of the first positive peak amplitude PA. 

The second positive peak amplitude PA2 is the 
highest amplitude of the positive peak occurring between 
300 and 575 time intervals Cor samples). The time TPA2 
to the second positive peak amplitude PA2 is that time 
interval from the end of tlransit time EOTT to the occur- 
rence the second positive peak amplitude PA2 . The time 
of the zero crossing immediately preceding the second 
positive peak amplitude PZZ is that time interval from 
the end of transit time EOTT to the occurrence of the 
zero crossing immediately preceding the second positive 
peak amplitude PA2. The time of the zero crossing imme- 
diately following the second positive peak amplitude 
TPA22 is -Uiat time interval from the end of transit 
time EOTT to the occurrence of the first zero crossing 
after the occurrence of the second positive peak ampli- 
tude PA2. 

The peak negative amplitude NA is the amplitude 
of the most negative point of the wave between the time 
of the first zero crossing after the first positive 
peak amplitude TPAZ and the time of the zero crossing 
immediately preceding the second positive peak amplitude 
P22. The time of the peak negative amplitude TNA is 
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that time interval from the end of transit time EOTT to 
the occurrence of the peak negative amplitude NA. The 
time of the zero crossing immediately before the nega- 
tive amplitude TZNA is that time interval from the end 
of transit time EOTT to the occurrence of the last zero 
crossing before- the occurrence of the peak negative 
amplitude NA. The time of the zero crossing immediately 
after the occurrence of the peak negative amplitude 
TNA2 is that time interval between the end of transit 
time EOTT and the occurrence of the first zero crossing 
following the occurrence of the peak negative amplitude 
NA. 

The average slope RVEL of the rising part of 
the first positive peak of the waveform is the slope 
between a selected point A on the waveform which in the 
preferred embodiment is one quarter of the amplitude of 
the first positive peak amplitude PA and a selected 
point B on the waveform which in the preferred embodi- 
ment is three quarters of the amplitude of the first 
positive peak amplitude PA. The average slope DVEL of 
the falling part of the first positive peak of the wave- 
form is the slope between a selected point. C on the 
waveform which in the preferred embodiment is three 
quarters of the amplitude of the peak amplitude PA and 
a selected point D on the waveform which in the pre- 
ferred embodiment is the first zero crossing after the 
occurrence of the first positive peak amplitude PA. 

The process by which the primary waveform 
characteristics are analyzed and used by the preferred 
classification apparatus to directly calculate the 
preferred MOE and MOR values for each individual board 
and to assign a corresponding grade classification 
thereto will now be described in detail. Referring to 
FIG. 14a, the apparatus initially goes through a setup 
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process before actually grading any lumber. The com- 
puter 225 performs conventional initialization tasks at 
500. 503. The computer then prompts the operator on 
the display terminal 228 to provide information such as 
nominal board size to be graded at 509, number of 
different grades for which to grade at 515, different 
parameters to grade for at 518. labels for each grade 
at 521, and upper and lower value limits for each grade 
at 524. The computer . also instructs the operator to 
make any necessary mechanical adjustments, such as 
adjusting the positions of the carousel wheels 65a-c 
and the detector means 165.. for the selected board size 
at 512. 

After receiving the requested data, the 
computer waits for a terminal input at 530. Upon the 
occurrence of a terminal input, the terminal input is 
checked, at 533 to see. if it is a RUN command. If it is 
a RUN command, then the. status of the grading portion 
of the apparatus is checked at 536. If the machine is 
already running then at 539 the computer ignores the 
input and continues operating where it left off when it 
received the RUN command. If the machine, is not already 
running then at 542 the computer generates a control 
signal to energize the conveyor relay 248, updates, the 
display on the operator terminal 228, and initiates the 
grading process. If the terminal input is not a RUN 
command, then at 545 the computer issues a control sig- 
nal to de-energize the conveyor relay and updates the 
operator terminal display accordingly. At 548 the com- 
puter determines if the terminal input is a STOP command. 
If the terminal input is a STOP command, then the com- 
puter waits for another terminal input at' 530. If the 
terminal input is not a STOP command, then at 551, the 
computer checks the terminal input to see if it is a 
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SET LIMITS command. If the terminal input is a SET 
LIMITS -command, then the computer prompts the operator 
for upper and lower limits for each grade at 521 and 
continues on from that point. If the terminal input is 
not a SET LIMITS command, then at 554 computer checks 
the terminal input to see if it is a SET GRADES command. 
If the terminal input is a SET GRADES command, then the 
computer system prompts the operator for labels for 
each grade at 521 and continues on from that point. If 
the terminal input is not a SET GRADES command, then at 
557 the computer checks the terminal input to see if it 
is a QUIT command. If the terminal input is a QUIT 
command, then the microprocessor 312 of the computer 
enters a continuous loop at 560. If the terminal input 
is not a QUIT command, then the computer waits for 
another terminal input at 530. 

Referring to FIG. 14b, when a RUN command is 
received, the computer reads the appropriate sense 
switch 252 to determine if there is a board in position 
to be graded at 563. If no board is in the grading 
position, then at 566 the computer checks for a pending 
operator terminal input. If there is a pending input, 
then the computer branches to the above-described 
terminal input routine at G. If a terminal input is 
not pending, then the computer checks again at 563 for 
a board in position to be graded. If a board is now in 
position to be graded, then at 569 the computer reads 
the air pressure sense switch 74 to determine if there 
is sufficient air pressure to operate the pneumatic 
cylinder 73 to clamp the board in place. If there is 
not enough air pressure to operate the pneumatic 
cylinder 73, then at 572 the computer generates a 
control signal to de-energize the conveyor relay 248 
and halt the machine. The computer then informs the 
operator of the equipment failure on the operator 
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terminal 228 and branches to wait for a terminal input 
at F. If there is sufficient air pressure to operate 
the pneumatic cylinder 73, then the computer generates 
a control signal to energize the pneumatic cylinder 
solenoid 250 to clamp the board into place at 575 and 
then enters a wait loop for approximately 320 milli- 
seconds at 578 to allow time for the clamping procedure 
to be completed. The computer then enables the data 
acquisition electronics 230 at 581 to sample the data 
accelerometer 212 analog signal upon the occurrence of 
a TRICGER signal from the impact detector 148 by sending 
an ENAB signal thereto. Tha computer then generates a 
control signal at 584 to energize the relay 248 for the 
hammer solenoid 82 to impact the clamped board. The 
computer waits 25 milliseconds at 587 to allow time for 
the armature 92 of the solenoid 82 to overcome the ten- 
sion in the armature thrust control spring 86 and impact 
the board 16. The computer then removes the control 
signal to de-energize the hammer solenoid 82 and removes - 
the ENAB signal to disable the triggering portion of 
the data acquisition electronics 230 at 590 and starts 
an 18 millisecond timer at 593. The computer then checks 
at 596 for a low /END signal from the data acquisition 
electronics 230 indicating that data capture has been 
completed or if the timer has timed out at 599. if the 
apparatus is operating properly, data capture should be 
completed within 18 milliseconds as described above: ' 
If the timer has timed out and data capture has not 
been completed, then the computer recognizes that ah 
error has occurred and at 602 informs the operator of 
the failure due to a faulty hammer solenoid on the 
operator terminal 228. . If, however, data capture is 
completed before the timer times out, then the computer 
removes the pneumatic cylinder control signal to release 
the pneumatic cylinder 73 and unclamp the board in the 
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grading position. The system's waveform variables iden- 
tified above are then initialized . at 608 and the computer 
begins analyzing the digital sample data generated by 
the detector means 165 and data acquisition circuitry 
230, 

The computer looks at the digital sample words 
in the data acquisition RAM 260 in chronological order 
at 611 and at 614 compares each sample with a selected 
threshold value, which in the preferred embodiment is 
approximately .219 volts. For each sample word examined, 
the transit time interval TTI is incremented by one 
unit at 620. The occurrence of eight consecutive samples 
above the threshold value indicates the start of recep- 
tion by the data accelerometer 212 of the compression 
force resulting from the impact by the impactor means 
75. The reception is treated as starting at the first 
of the eight consecutive samples. Onpe the computer 
finds eight consecutive samples greater than the thres- 
hold value at 617, it transfers 575 consecutive digital 
sample words to its own memory at 623 , starting with 
the first of the eight consecutive data samples all 
greater than the threshold value. This point is defined 
as the end of transit time EOTT. At 626, the computer 
initializes the waveform variables described above re- 
lating to the first positive peak waveform. At 629-648, 
the computer examines the transferred data starting at 
the end of transit time EOTT and finds the sample which 
represents the amplitude of the first positive peak 
amplitude PA and stores the time from the end of transit 
time EOTT to the time that the first positive peak ampli- 
tude TPA occurred. 

At 635-649, the computer also determines the 
first zero crossing following the occurrence of the 
first positive peak amplitude PA and stores the time 
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TPAZ from the end of transit time EOTT to the occurrence 
of that first zero crossing. m addition, the computer 
updates a summation of the squares of the samples in 
the first positive peak waveform PSXJMSQ at 641. The 
computer also updates the summation of the samples them- 
selves PSUM and the count of the number of positive 
samples. PCNT at 544. 

Referring to FIG. 14c. upon the occurrence of 
the first zero crossing following the first peak ampli- 
tude PA, the computer increments the count of the number 
of positive passes PPASS by one at 650. The computer 
theix examines the remaining samples in its memory at 
653-686. In analyzing these samples, the computer 
counts the number of negative passes NPASS at 665 and 
positive passes PPASS at 650. The computer also deter- 
mines the peak negative amplitude NA and the time from 
the end of transit time EOTT to the occurrence of the 
peak negative amplitude TNA at 677-683. In addition, 
at 659-663. the computer looks for the most positive 
peak PA2 occurring after the first positive peak ampli- 
tude PA and more than 300 samples after the end of tran- 
sit time EOTT. and stores the time of this second peak 
amplitude TPA2. which is that time from the end of tran- 
sit time EOTT to the occurrence of the second positive 
peak amplitude PA2. After examining all of the samples 
-in^its memory, the computer calculates the number of 
total periods NPP occurring in the sampled waveform at 
682. Then, the computer determines the time interval 
from the end of transit time EOTT to the occurrence of 
the zero crossing immediately preceding the second peak 
amplitude PZZ at 695-710. Next, at 713-725 the computer 
determines the time TPA2Z from the end of transit time 
EOTT to the first zero crossing following the second 
positive peak amplitude, as long as the zero crossing 
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occurs within the 575 samples in the computer's memory. 
This point is defined as identifying the end of one 
complete cycle of the signal or waveform. If a zero 
crossing after the second positive peak amplitude does 
not occur within 575 samples of the end of transit time 
EOTT, then the computer assigns a value of 575 to the 
parameter TPA2Z. 

At 728-746 » if the time of the peak negative 
amplitude TNA is greater than the time of the zero 
crossing immediately preceding the second positive peak 
amplitude PZZ then the computer discards the current 
values for the peak negative amplitude NA and the time 
of its occurrence TNA are discarded and replaced by the 
peak negative amplitude NA before the zero crossing 
immediately preceding the second positive peak amplitude 
PZZ. The computer then determines at 749-764 the time 
from the end of transit time EOTT to the zero crossing 
immediately preceding the peak negative amplitude NA 
before the time of the zero crossing immediately preced- 
ing the second positive peak amplitude TZNA. 

Referring to FIG. 14d, the computer next deter- 
mines the time TNA2 from the end of transit time EOTT 
to the first zero crossing following the occurrence of 
the peak negative amplitude NA at 767-776. 

Based on the foregoing values, the computer 
next calculates a number of mathematical parameters. 
The average amplitude RDAVE of all positive amplitudes 
between the end of transit time EOTT and the time of 
the first zero crossing following the first positive 
peak amplitude TPAZ is calculated at 779. The standard 
deviation RDSD around that average amplitude RDAVE is 
also calculated at 779. Then the average slope RVEL of 
the rising portion of the waveform of the first positive 
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peak is calculated at 782-806 and tHe slope of the de- 
scending portion DVEL of the first peak waveform is 
calculated at 809-821. 

At 824, the computer sets the count of the 
number, of positive samples PCNT, the summation of those 
samples PSUM. and the summation of the squares of those 
samples PSUMSQ equal to 0. At 827-845 the computer 
calculates the sum of and the sum of the squares of all 
positive amplitudes between the time TPA2 of the first 
zero crossing following the first positive peak amplitude 
PA and the time PZZ of the zero crossing immediately 
preceding the second positive peak amplitude PA2. as 
well as the sum of and the sum of the squares of all 
negative amplitudes during that time interval. At 849- 
855 the computer calculates the average value of the 
positive samples PAVE between the time TPAZ of the first 
zero crossing following the first positive peak ampli- 
tude PA and the time PZZ of the zero crossing imme- . 
diately preceding the second positive peak an^jlitude 
PA2. If there are no positive samples in that time 
interval, then the . computer sets the average PAVE equal 
to .024 at 860. 

Referring to FIG. 14e. at 864 the computer 
calculates the standard deviation PSD around the average 
PAVE. If the number of positive samples is less than 
or equal to one. then the computer sets the standard 
deviation PSD equal to .001 at 858. 861. At 866-872. 
the computer calculates the standard deviation NSD 
around the average value of the negative samples between 
the time TPAZ of the first zero crossing following the 
first positive peak amplitude PA and the time PZZ of 
the zero crossing immediately preceding the second posi- 
tive peak amplitude PA2. If the number of negative 



wo 88/10415 



- 57 - 



PCT/US88/01938 



samples in that interval is one or less, then the com- 
puter sets the standard deviation NSD equal to .001 at 
869. If there are no negative samples in that interval 
then the computer sets the average of the negative 
samples NAVE equal to .024 at 878, otherwise, the com- 
puter calculates the actual negative average NAVE at 
881. 

At this point, the computer has generated all 
of the preferred predetermined parameters describing 
the waveform. The computer next defines a preferred 
set of general variables (LEN, WIDTH, PAF, PA2F, X1-X32, 
SX1-SX32, IX1-IX32, ISX1-ISX32) at 884, 887 for. use in 
one or more predetermined formulas corresponding to the 
particular lumber being graded and the selected para- 
meters of interest. These general variables are, at 
least initially, arbitrarily determined by the user of 
the apparatus. However, experience has shown that the 
variables utilized in the preferred embodiments provide 
highly accurate and repeatable calculations of MOE and 
MOR in pre- cut lumber. 



The preferred general variables are defined as: 



LEN = length of the board (inches) 

WIDTH = width of the board (inches) 

PAF = 125/(TPA2-TPA) 

PA2F = 250/(TPAZ-P2Z) 

XI = LEN/TTI 
X2 = TPA/100 

X3 = (TPA2-TPA)/10 

X4 = PA * WIDTH/100 

X5 = 250/TPAZ 

X6 = (PZZ-TNA)/100 

X7 = TPAZ/(TPA2Z-PZ2) 

X8 = ((TPAZ-TPA)*2)/(TPA2Z-PZZ) 

X9 = PA2 * WIDTH/100 

XIO = (TPA2-PZZ)/100 

XII = 25/(TNAZ-TZNA) 



SXl = X1*X1 
SX2 = X2*X2 
SX3 = X3*X3 
SX4 = X4*X4 
SX5 = X5*X5 
SX6 = X6*X6 
SX7 = X7*X7 
SX8 = X8*X8 
SX9 = X9*X9 
SXIO = X10*X10 
SXll = X11*X11 
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X12 

X13 

X14 

X15 

X16 

X17 

X18 

X19 

X20 

X21 

X22 

X23 

X24 

X25 

X26 

X27 

X28 

X29 ■■ 

X30 ■■ 

X31 : 

X32 ■ 

IXl ; 
1X2 = 

1X3 : 
1X4 : 

1X5 = 

1X6 s 

1X7 = 

1X8 = 

1X9 = 

IXIO 

IXll 

1X12 

1X13 

1X14 

1X15 

1X16 

1X17 

1X18 

1X19 

1X20 

1X21 

1X22 

1X23 

1X24 

1X25 

1X26 

1X27 

1X28 

1X29 



: RDAVE * WIDTH/100 
RDSD 

RVEL * WIDTH 
DVEL * WIDTH 
PZZ * (LENGTH/TTI)/100 
(PAVE/RDAVE) * (PCNT/TPAZ) 
(TPA22-TPA2 )/10 
NA * WIDTH * WIDTH/100 
(TNA-TPA)/100 
PAVE * WIDTH/100 
NAVE * WIDTH * WIDTH/100 
PSD * WIDTH/10 
NSD * WIDTH/10 
PCNT/100 
NCNT/lOO 

((PA2/PA)-1> * 1000/(TPA2-TPA) 
PA2F/10 

{PAF+PA2F>/(PAF * PA2F) 
(PAF-PA2F)/(PAF * PA2F))+1 
(X5+PA2F)/(X5 * PA2F) 
( (X5-PA2F)/CX5 * PA2F)+1 



SX12 

SX13 

SX14 

SX15 

SX16 

SX17 

SX18 

SX19 

SX20 

SX21 

SX22 

SX23 

SX24 

SX25 

SX26 

SX27 

SX28 

SX29 

SX30 

SX31 

SX32 



= X12*X12 
= X13*X13 
= X14*X14 
= X1S*X15 
= X16*X16 
= X17*X17 
= X18*X18 
= X19*X19 
= X20*X20 
= X21*X21 
= X22*X22 
» X23*X23 
= X24*X24 
= X25*X25 
= X26*X26 
= X27*X27 
= X28*X28 
= X29*X29 
= X30*X30 
= X31*X31 
= X32*X32 



1/Xl 

1/X2 

1/X3 

1/X4 

1/X5 

1/X6 

1/X7 

1/X8 

1/X9 

1/XlO 
= 1/Xll 
: 1/X12 
= 1/X13 
= 1/X14 
= 1/X15 
= 1/X16 
= 1/X17 
= 1/XlS 

• 1/X19 
= 1/X20 
= 1/X21 

• 1/X22 

■ 1/X23 

■ 1/X24 

• 1/X25 
1/X26 
1/X27 
1/X28 
1/X29 



ISXl ■■ 
1SX2 : 
1SX3 : 

1SX4 : 

ISX5 : 

ISX6 : 

ISX7 : 

ISX8 : 

1SX9 : 

ISXIO 

ISXll 

ISX12 

ISX13 

ISX14 

1SX15 

ISXl 6 

ISX17 

ISXl 8 

ISX19 

ISX20 

ISX21 

ISX22 

ISX23 

ISX24 

ISX25 

ISX26 

1SX27 

ISX28 

ISX29 



= 1X1*1X1 
= 1X2*1X2 
= 1X3*1X3 
= 1X4*1X4 
= 1X5*1X5 
= 1X6*1X6 
= 1X7*1X7 
= 1X8*1X8 
= 1X9*1X9 
= 1X10*1X10 
= 1X11*1X11 
= 1X12*1X12 
= 1X13*1X13 
= 1X14*1X14 
= 1X15*1X15 
= 1X16*1X16 
= 1X17*1X17 
= 1X18*1X18 
= 1X19*1X19 
= 1X20*1X20 
= 1X21*1X21 
= 1X22*1X22 
= 1X23*1X23 
= 1X24*1X24 
= 1X25*1X25 
= 1X26*1X26 
= 1X27*1X27 
= 1X28*1X28 
= 1X29*1X29 
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1X30*1X30 
1X31*1X31 
1X32*1X32 

The computer employs these general variables in one or 
more predetermined formulas, depending upon the lumber 
selected by the operator for grading and the selected 
physical parameters of interest, at 890-893 to calculate 
the selected physical parameters. 

Referring to FIGs. 14f and 14g, the computer 
con^ares the calculated values of the selected physical 
characteristics of interest at 902-1001 with the grade 
limits previously selected by the operator. The computer 
then assigns a grade value to each characteristic based 
on these comparisons. 

Referring to FIG. 14g, at 1106-1121. the com- 
puter assigns a final grade classification value to the 
piece of lumber graded. In the preferred embodiment, 
the final grade value corresponds to the lowest grade 
value assigned to any of the calculated parameters. At 
1^43-1149, the con^uter generates a control signal to 
energize the solenoid for the identification means 256 
to mark the final grade in some identifiable form on 
the material tested. Alternatively or in addition 
thereto, the grade classification indicia may be dis- 
played on the operator's terminal or another display 
means and the appropriate classification indicia applied 
manually. Next, the computer reads the appropriate 
sense switch 252 to determine if the board 16 is still 
in the grading position at 1155. If the board 16 is 
not in the grading position, then the computer branches 
to the beginning of the RUN routine at B. If the board 
16 is still in the grading position, then the computer 
checks for a terminal input at 1158. If a terminal 



1X30 = 1/X30 ISX30 = 

1X31 = 1/X31 ISX31 = 

1X32 = 1/X32 ISX32 = 
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input is present then the computer branches to the ter- 
minal input routine at G. If a terminal input is not 
present, then the computer again checks to see if the 
board 16 is still in the grading. position at 1155, and 
continues operation from there. 

The predetermined formulas used to calculate 
the selected physical parameters of the board may vary 
depeiiding on the type of lumber and the selected physical 
parameters to be calculated.. In the preferred embbdi- 
ment, the formulas are derived in several steps. First, 
a sample of the group of lumber of interest is subjected 
to impact analysis by the preferred Itomber classification 
apparatus 10 as described above. In the preferred em- 
bodiment, highly accurate formulas have been deirvied 
from the analysis of approximately 350 pieces of lumber, 
for example. However » a larger ar smaller number of 
samples may be used as desired. In this initial step, 
the lumber classification apparatus stops its analysis 
once the general variables are calculated and does not 
calculate physical parameters . or assign grade classifi- 
cations to the boards. 

In the next step of the process, the same 
luniber pieces are subjected to destructive testing to 
provide a preliminary set of estimates of the load- 
deflection ratio or slope (MOE) and the maximum load at 
failure (MOR) for each piece. As an example, for 
pre-cut boards, the destructive- tests are preferably 
performed in accordance with ASTM Standard D-198, which 
is set out in the 1984 Annual Book of ASTM Standards. 
Section 4. Volume 4.09. preferably using the apparatus 
described at pgs. 110-111 thereof. Using the modulus 
of elasticity MOE and modulus of rupture MOR as selected 
characteristics, destructive, two-point load flexure 
tests are performed on each piece of sample lumber and 
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the results of those tests are used to calculate sample 
estimates of MOE and MOR using the following formulas: 

MOE = 



MOR = 

Where : 
PI is the 

L is the test span of the specimen between reaction 
supports: 

b is the dimension of the test specimen measured 
perpendicular to the load axis; 

h is the dimension of the test specimen measured 
parallel to the load axis; 

_ is the deflection of the test specimen at the 
neutral axis and at the center of the span; and 

P is the maximum load on the test specimen at 
failure or rupture. 

It is understood that other methods of obtain- 
ing estimated values for these and other physical charac- 
teristics are known in the art and could also be used. 
For example, different formulas would be used if the 
characteristics of interest were MOE and MOR in tension 
or compression rather than flexure. 

In the next step, least squares multiple linear 
regressions are performed using all possible regressions 
and maximum R procedures with the dependent variables 
being the general variables for which the classification 
apparatus obtained values from the samples and the inde- 
pendent variables being the sample estimates of MOE and 
MOR. The least squares multiple regression analysis is 
preferably performed with computer assi stance • SAS 



4.7bh'^ 



^2 
bh^ 



load-deflection ratio or slope; 
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Institute of Gary. North Carolina offers a suitable 
statistical analysis program to perform least squares 
multiple linear regression analysis on the sample data 
called Statistical Analysis System SAS. Other regression 
analysis methods that are known in the art may also be 
. used if desired. 

Next, the variable values calculated by the 
preferred classification apparatus are inserted into 
the regression having the best value, i.e., thp 
statistically optimum predictor of the estimated MOE 
and MOR variables, to generate 'predicted MOE and MOR 
values. The predicted MOE and MOR values and the cor- 
responding MOE and MOR values derived from the destruc- 
tive tests are then correlated to determine the statis- 
tical accuracy of the regression formula. in order to 
verify the prediction accuracy of the formula, some or 
all of the estimated values derived from the destructive 
test data may be varied within limits of acceptable 
error for the destructive test procedure used and which 
are well known in the art. This process is repeated 
until the regression formula is derived that accurately 
predicts MOE and MOR values derived from the destructive 
flexure test data and that provide acceptably high pre- 
diction accuracy based on a Predicted Residual Sum of 
Squares (PRSS) Statistical Analysis. The exemplary MOE 
and MOR formulas illustrated in FIG. 14e. for example, 
have been found to predict MOE and MOR values derived' 
from destructive testing of southern pine two by fours 
and several other dimensions in flexure with R^ and 
PRSS R greater than .99. 

What have been described are certain aspects 
of an automated lumber classification apparatus and 
method which constitutes a presently preferred embodi- 
ment of the invention. It is understood that the 
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foregoing description and accompanying illustrations 
are merely exemplary and are not to be taken as 
limiting the scope of the invention, which is defined 
solely by the appended claims and their equivalents. 
Various changes and modifications to the preferred 
embodiment will be apparent to those skilled in the 
art. Such changes and modifications can be made 
without departing from the spirit and scope of the 
invention. Accordingly, it is intended that all such 
changes and modifications be covered by the appended 
claims and their equivalents. 
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I CLAIM i 



1. Automated material classification apparatus, 
comprising: 

impactor means for generating a compression 
force in a piece of material by impacting the material; 

detector means for providing a signal related 
to said compression force; 

computing means for assigning values to a 
selected plurality of predetermined parameters charac- 
terizing said signal for at least one cycle thereof; 

said computing means including means for pro- 
cessing said selected predetermined parameters according 
to at least one predetermined formula relating said 
parameters to at least one selected physical parameter 
of said material to generate at least one value signal 
corre^onding to said at least one selected physical 
parameter; and 

identifying means for receiving said at least 
one value signal from said computing means and being . 
operative to provide classification indicia associated 
with said at least one. selected parameter of said 
. material. 

2. The automated material classification apparatus 
defined in claim 1 wherein said identifying means includes 
marking means for applying said classification indicia 

to said material. 

3. The automated material classification apparatus 
defined in claim 1 wherein, said impactor means includes 
means for impacting said material with a selectable 
predetermined force. 
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4. The automated material classification apparatus 
defined in claim 1 wherein said impactor means includes: 

movable means for impacting said piece of 
material; and 

means for securely holding said piece of 
material in proximity to said movable means*. 

.5. The automated material classification apparatus 
defined in claim 1 wherein said impactor means includes: 

impacting means for applying an impact force 
to generate said compression force; and 

transmitter means located intermediate said 
impacting means and said material for receiving said 
impact force from said impacting means and transmitting 
it to said material. 

6. The automated material classification apparatus 
defined in claim 5 wherein said transmitter means in- 
cluded means for contacting said material, said means 
being adapted to minimize the plastic zone between said 
material and said transmitter means . 

7. The automated material classification apparatus 
defined in claim 1 including storage means for storing 
said signal related to said compression force for use 

by said computing means. 

8. The automated material classification apparatus 
defined in claim 7 wherein said storage means comprises: 

means for digitizing said signal at selected 
discrete time intervals to provide a plurality of digital 
words representing said signal; and 

memory means for storing said digital words. 
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9. The automated material classification apparatus 
defined in claim i wherein said computing means includes 
means connected to said impactor means for initiating 
operation of said impactor means in response to a pre- 
determined condition. 

10. The automated material classification apparatus 
defined in claim 9 wherein said means for initiating 
operation includes means responsive to the positioning 
of a piece of said material in a predetermined location 
proximal to said impactor means for initiating operation 
of said impactor means. 

11. The automated material classification apparatus 
defined in claim 1 wherein said computing means includes 
means for selecting at least one said predetermined 
formula corresponding to a selected material from a 
plurality of predetermined formulas corresponding to a 
plurality of materials. 

12. The automated material classification apparatus 
defined in claim 1 wherein said predetermined formula 
comprises an equation statistically derived from said 
predetermined parameters and said at least one selected 
physical parameter for a plurality of destructively 
tested pieces of said material. 

13. The automated material classification apparatus 
defined in claim 12 wherein said equation is the statis- 
tically optimum predictor of the selected physical para- 
meter of said material as a function of said selected 
predetermined parameters . 
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14. The automated material classification apparatus 
defined J.n claim 1 including means for supporting said 
material between said impactor means and said detector 
means, said impactor means being operative to impact a 
first surface of said material and said detector means 
being operative to provide a signal related to the com- 
pression force generated in said material at a second 
opposite surface thereof. 

15. The automated material classification apparatus 
defined in claim 1 including material feeding means for 
automatically sequentially positioning individual pieces 
of said material between said impactor means and said 
detector means with a first, surface of said material 
being adjacent to said impactor means and a second oppo- 
site surface being adjacent to said detector • means. 

16. The automated material classification apparatus 
defined in claim 15 wherein said material feeding mean^ 
comprises: 

rotatable carousel means having a plurality 
of spaced material receiving slots for holding a plurality 
of pieces of said material; and 

drive means for rotating said carousel incre- 
mentally so that each slot rotates sequentially between 
a material loading position, a material classification 
position between said impactor and said detector means, 
and a material unloading position. 

17. A method of classifying a material, comprising 
the steps of: 

impacting a piece of said material with impact- 
ing means to generate a compression force therein; 
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in response to said impacting, providing a 
signal related to said compression force from detecting 
means; 

assigning values to a selected plurality of 
predetermined' parameters characterizing said signal for 
at least one cycle thereof; 

processing said selected predetermined 
parameters according to at least one predetermined 
formxila relating said parameters to at least one 
selected physical parameter of said material to 
generate at least one value signal corresponding to 
said at least one selected physical parameter; and 

providing said at least one value signal to 
identifying means to cause said means to provide a 
classification indicia associated with said at least 
one selected physical parameter of said material. 

18. The method defined in claim 17 wherein the 
_step of providing said at least one value signal to 

said identifying means includes causing said identify- 
ing means to apply. said classification indicia to said 
material . 

19. The method defined in claim 17 wherein the 
step of impacting a piece of said material includes 
impacting said piece of material with a selectable 
predetermined force. 

20. The method defined in claim 17 wherein the 
step of impacting a piece of said material includes the 
steps of: 

securely holding said piece of material in 
proximity to movable means; and 

impacting said piece of material with said 
movable means. 
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21. The method defined in claim 17 including the 
step of storing said signal for use in assigning said 
values. 

22. The method defined in claim 21 wherein the 
step of storing said signal includes the steps of: 

digitizing said signal at selected discrete 
time intervals to provide a plurality of digital words 
representing said signal; and 

Storing said digital words in memory means. 

23. The method defined in claim 17 wherein the 
step of impacting said piece of material includes 
impacting said piece of material in response to a 
predetermined condition. 

24. The method defined in claim 23 wherein said 
predetermined conclition comprises said piece of material 
being positioned in a predetermined location proximal 

to said impactor means. 

25. The method defined in claim 17 including the 
step of selecting at least one said predetermined 
formula corresponding to a selected material from a 
plurality of predetermined formulas corresponding to a 
plurality of materials. 

26. The method defined in claim 17 wherein said 
predetermined formula comprises an equation statisti- 
cally derived from said predetermined parameters and 
said at least one selected physical parameter for a 
plurality of destructively tested pieces of said 
material . 



wo 88/10415 



- 70 - 



PO7US88y01938 



27. The method defined in claim 26 wherein said 
equation defines the statistically optimum predictor of 
said at least one selected physical parameter of said 
material as a function of said selected predetermined 
parameters . 

28. The method defined in claim 27 including the 
steps of; 

supporting said piece of material between 
said impacting means and said detecting means; and 

operating said impactor means to impact a 
first surface of said piece of material and said 
detector means to provide a signal related to the 
compression force generated in said piece of material 
at a second opposite surface thereof. 

m 

29. The method defined in claim 17 including the 
step of r 

automatically sequentially positioning in- 
dividual pieces of said material between said impacting 
means and said detecting means with a first surface of 
said material being adjacent to said impacting means 
and a second opposite surf ace being adjacent to said 
detecting means. 

30. Automated lumber classification apparatus, 
comprising: 

impactor means for generating a compression 
force in a piece of lumber by impacting the lumber; 

detector means for providing a signal related 
to said compression force; 

computing means for assigning values to a 
selected plurality of predetermined parameters charac- 
terizing said signal for at least one cycle thereof; 
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said computing means including means for pro- 
cessing said selected predetermined parameters according 
to at least one predetermined formula relating said 
parameters to at least one selected physical parameter 
of said lumber to generate at least one value signal 
corresponding to said at least one selected physical 
parameter; and 

identifying means for receiving said at least 
one value signal from said computing means and being 
operative to provide classification indicia associated 
with said at least one selected physical parameter of 
said lumber. 

31. The automated lumber classification apparatus 
defined in claim 30 wherein said identifying means 
includes marking means for applying said classification 
indicia to said lumber. 

32. The automated lumber classification apparatus 
defined in claim 30 wherein said impactpr means includes 
means for impacting said lumber with a selectable pre- 
determined force. 

33. The automated lumber classification apparatus 
defined in claim 30 wherein said impactor means includes: 

movable means for impacting said piece of 
lumber; and 

means for securely holding said piece of 
limber in proximity to said movable means. 

34. The automated lumber classification apparatus 
defined in claim 33 wherein said means for holding 
comprises means for holding said lumber longitudinally 
with an end thereof in proximity to said movable means. 
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35. The automated liamber classification apparatus 
defined in claim 30 wherein said impactor means includes: 

impacting means for applying an impact force 
to generate said compression force; and 

transmitter means located intermediate said 
impacting means and said lumber for receiving said 
impact force from said impacting means and transmitting 
it to said lumber. 

36. The automated lumber classification apparatus 
defined in claim 35 wherein said transmitter means 
includes means for contacting said lumber, said means 
being adapted to minimize the plastic zone between said 
lumber and said transmitter means. 

37. The automated lumber classification apparatus 
defined in claim 30 including storage means for storing 
said signal relate'd to said compression force for use 
by said confuting means. 

38. The automated lumber classification apparatus 
defined in claim 33 wherein said storage means comprises: 

means for digitizing said signal at selected 
discrete time . intervals to provide a plurality of 
digital words representing said signal; and 

memory means for storing said digital words. 

39. The automated lumber classification apparatus 
defined in claim 30 wherein said computing means . includes 
means connected to said impactor means for initiating 
operation of said impactor means in response to a pre- 
determined condition. 
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40. The automated lumber classification apparatus 
defined in claim 39 wherein said means for initiating 
operation includes means responsive to the positioning 
of a piece of said lumber in a predetermined location 
proximal to said impactor means for initiating operation 
of said impactor means, 

41. The automated lumber classification apparatus 
defined in claim 30 wherein said computing means includes 
means for selecting at least one said predetermined 
formula corresponding to a selected lumber type from a 
plurality of predetermined formulas corresponding to a 
plurality of selected lumber types. 

42. The automated lumber classification apparatus 
defined in claim 30 wherein said predetermined formula 
comprises an equation statistically derived from said 
predetermined parameters and said at least one selected 
physical parameter for a plurality of destructively 
tested pieces of said lumber. 

43. The automated lumber classification apparatus 
defined in claim 42 wherein said equation defines the 
statistically optimum predictor of said at least one 
selected physical parameter of said lumber as a function 
of said selected predetermined parameters. 

44. The automated lumber classification apparatus 
defined in claim 30 including means for supporting said 
lumber between said impactor means and said detector 
means, said impactor . means being operative to impact a 
first surface of said lumber and said detector means 
being operative to provide a signal related to the com- 
pression force generated in said lumber at a second 
opposite surface thereof. 
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45. The automated lumber classification apparatus 
defined in claim 44 wherein said means for supporting 
said lumber comprises means for supporting said lumber 
edgewise with a first longitudinal end thereof adjacent 
to said impactor means and a second opposite longitudinal 
end adjacent to said detector means. 

45. The automated Iximber classification apparatus 
defined in claim 30 including lumber feeding means for 
automatically sequentially positioning individual 
pieces of said lumber between said impactor means and 
said detector means with a first surface of said material 
being adjacent to said impactor means and a secoiid oppo- 
site surface being adjacent to said detector means. 

47. The automated' lumber classification apparatus 
defined in Claim 46 wherein said first surface comprises 
a first longitudinal end of said lumber and said second 
surface comprises a second opposite longitudinal end. 

48. The automated lumber classification apparatus 
defined in claim 46 wherein said lumber feeding means 
compri ses : 

rotatable carousel means having a plurality 
of spaced lumber receiving slots for. holding a plurality 
of pieces of said Ivimber edge-wise; and 

drive means for rotating said carousel incre- 
mentally so that each slot rotates sequentially between 
a lumber loading position, a lumber classification posi- 
txon between said impactor and said detector means, and 
a lumber unloading position. 
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49. A method of classifying lumber, comprising 
the steps of: 

impacting a piece of said liimber with impact- 
ing means to generate a compressiqn force therein; 

in response to said impacting, providing a 
signal related to said compression force from detecting 
means; 

assigning values to a selected plurality of 
predetermined parameters characterizing said signal for 
at least one cycle thereof; 

processing said selected predetermined para- 
meters according to at least one predetermined formula 
relating said parameters to at least one selected 
physical parameter of said lumber to generate at least 
one value signal for said at least one selected physical 
parameter; and 

providing said at least one value signal- to 
identifying means to cause said means to provide a 
classification indicia associated with said at least 
one selected physical parameter of said lumber. 

50, The method defined in claim 49 wherein the 
step of providing said at least one value signal to 
said identifying means includes causing said identifying 
means to apply said classification indicia to said lumber. 

51. The method defined in claim 49 wherein the 
step of impacting a piece of said lumber includes impact- 
ing said piece of lumber with a selectable predetermined 
force . . 
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52. The method defined in claim 49 wherein the 
step o£ in^acting a piece of said lumber includes the 
steps.- of: 

securely holding said piece of lumber in 
proximity to movable means; and 

impacting said piece of lumber with said 
movable means. 

53. The method defined in claim 49 including the 
step of storing said signal for use in assigning said 
values. 

54. The method defined in claim 53 wherein the 
step of. storing said signal includes the steps of: 

digitizing said signal at selected discrete 
time intervals to provide a plurality of digital words 
representing said signal; and 

storing said digital words in memory means. 

55. The method defined in claim 49 wherein the 
step of impacting said piece of lumber includes impact- 
ihig. said piece of lumber in response to a predetermined 
condition. 

56. The method defined in claim .55 wherein the 
st^ of impacting said piece of lumber includes impact- 
tng said piece of lumber when said piece of lumber is 
positioned in a predetermined location proximal to said 
impactor .means. 

57-. The method defined in claim 49 including the 
step Of selecting at least one said predetermined formul 
corresponding to a selected lumber type from a plurality 
Of. predetermined formulas corresponding to a plurality 
of liunber types. 
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58. The method defined in claim 49 wherein said 
predetermined formula comprises an equation statistically 
derived from said predetermined parameters and said at 
least one selected physical parameter for a plurality 

of destructively tested pieces of said lumber. 

59. The method defined in claim 58 wherein said 
equation defines the statistically optimum predictor of 
said at least one selected physical parameter of said 
lumber as a function of said selected predetermined 
parameters. 

60. The method defined in claim 49 including the 
steps of: 

supporting said piece of lumber between said 
impacting means and said detecting means; and 

operating said impactor means to impact a 
first surface of said piece of lumber and said detector 
means to provide a signal related to the compression 
force generated in said piece of lumber at a second 
opposite surface thereof. 

61. The method defined in claim 60 wherein 
supporting said piece of lumber includes supporting 
said piece of lumber edgewise with a first longitudinal 
end adjacent to said impactor means and a second 
opposite longitudinal end adjacent to said detector 
means . 

62. The method defined in claim 60 wherein said 
first surface comprises a first longitudinal end of 
said lumber and said second surface comprises a second 
opposite longitudinal end of said liimber. 
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63. The method defined in claim 49 including the 
step of: 

automatically sequentially, positioning indivi- 
dual pieces of said lumber between said impacting means, 
and. said detecting means with a first surface of said 
lumber being adjacent to said impacting means and a 
second opposite surface being adjacent to said detecting 
means. 

64. The method defined in claim 63 wherein said 
first surface comprises a first longitudinal end of 
said lumber and said second surface comprises a second 
opposite longitudinal end of said lumber. 

.65. A lumber feeding apparatus, comprising-. 

rotatable lumber receiving means; 

conveyor means for continuously transporting 
a plurality of pieces of lumber to said lumber receiving 
means ; 

means for restraining said plurality of pieces 
of lumber on said conveyor means; 

means for selectively releasing said restrain- 
ing means to allow a selected number of said pieces of 
lumber to be transported to said lumber receiving means; 
and 

means for rotating said lumber receiving means 
after said lumber receiving means receives said selected 
number of pieces of lumber so that said selected number 
of pieces are rotated to a processing position. 

66. The lumber feeding apparatus of claim 65 wherein 
said rotatable lumber receiving means comprises: 
a drive shaft; 
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a plurality of carousel wheels mounted on 
said drive shaft in spaced relation, each having a corre 
ponding plurality of compartments aligned for receiving 
at least one piece of lumber. 

67, The lumber feeding apparatus defined in claim 
65 wherein each of said carousel wheels comprises means- 
for isolating said pieces of lumber from mechanical 
vibrations. 

68. A lumber feeding apparatus, comprising: 
rotatable lumber receiving means having a 

plurality of lumber receiving compartments; 

conveyor means for continuously transporting 
a plurality of pieces of lumber to said lumber receiving 
means ; 

lumber loading means for intermittently sequen- 
tially loading said plurality of pieces of lumber in- 
dividually into said lumber receiving compartments of 
said lumber receiving means; and 

means for rotating said lumber receiving means 
after it receives at least one piece of lumber to a 
processing position. 

69. A lumber feeding apparatus, comprising: 

rotatable lumber receiving means; 

means for loading at least one piece of lumber 
into said lumber receiving means; 

means for selectively feeding at least one 
piece of lumber to said loading means; and 

means for transporting a plurality of pieces 
of lumber to said feeding means. 
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70. Lumber feeding apparatus, comprising: 
rotatable lumber receiving means; 
conveyor means for continuously transporting 
a plurality of pieces of lumber to said lumber receiving 
means ; 

means for restraining said plurality of pieces 
of lumber on said conveyor means; 

means for sensing the presence of lumber at 
predetermined locations on said conveyor means; 

means responsive to said means for sensing 
for selectively controlling said ^^estraining means to 
allow a selected number of said pieces of lumber to be 
loaded into said lumber receiving means at a first load- 
ing positipn; and 

means for rotating said lumber receiving means 
so that said selected nvimber of pieces of lumber are 
rotated from said first loading position to a second 
<^processing position. 

71. A lumber feeding apparatus, comprisingr 

rotatable lumber receiving means having a 

plurality of lumber receiving compartments; 

conveyor means for continuously transporting 

a plurality of pieces o£ lumber to said lumber receiving 

means; 

means for sensing the position of said pieces 
of lumber at predetermined locations on said conveyor 
means ; 

Iximber loading means responsive to said means 
for sensing for intermittently sequentially loading 
each of said plurality of pieces of lumber from said 
conveyor means into said lumber. receiving compartments 
of said lumber receiving means at a first loading posi- 
tion; and 
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means for rotating said lumber receiving means 
so that each of said pieces of lumber is rotated from 
said first loading position to a second processing posi- 
tion. 

72. Data acquisition apparatus for use with a 
central data processor, comprising: 

data source means for generating a data signal 
related to a condition of interest and having means for 
generating a data acquisition signal indicative of the 
occurrence of said condition of interest; 
data storage means; 

means responsive to said data acquisition 
signal for sampling said data signal and storing said 
samples in said data storage means; and 

means for signalling said central data proces- 
sor when a predetermined number of said samples have 
been stored. 
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X25=PCNT/IOO 
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SX2sX2«.);2,lX2:|/xi> ISX2=IX2«X2 
SX3=X3«X3iIX3si/X3> JSX3=IX3*1X3 
SX4=X4»X4.IX4=I/X4. 15X4=1X4*1X4 
SX5=X5*X5.IX5=t/X5. ISXS^IXS^IXS 
gC6=XS*X6.IXe=l/X6. ISX6=IX6»IX6 
SX7=X7*X7, IX7=I/X7» ISX7-IX7*rX7 
SX3=X8«X8. 1X8^/ X8> ISX&:Df8*IX8 
S)C9=X9jX9.IX9=I/X9i LSX9=IX9«IX9 
SXIOsXIO*XI0iIXI0s|/X10> 15X10=1X10*1X10 

i5Jif5!i!!X*i* ix"=«/xi I. isxi i=ixii*ixii 

Sa7sXI7}Xl7iIXI7il/XI7. ISXI7=IXI7<^IXI7 
SXi8=XI8*XIB. IXI8r|/Xl8. 15X18=1X18*1X18 
SXI9=XI9vXI9i IXI93|/Xt9« XSXI9=IXI9«^IXI9 
SX20sX20*XaO,IX20i]A20.ISxS>=I)S)*D^^ 
5X2^X21* X21 . 3X21= l/X2h ISX2J= 1X21*1X21 
SX22=X22*«X22. 1X22=1/ X22. 15X22= IX22>^IX22 
SX23=X2340C23> 1X23= I/X23J 15X23=1X23*1X23 
5X24= X24«X24> 1X24=1/ X24ilSX24=IX24»IX24 
S)g5= X25*X25» 1X25=1/ X25»rSX25=lX25*lX25 
5X26= X26*iX26.1X26=l/X2G>I5X26=lX26«IX26 
5X27= X27*X27» 1X27= 1/ X27.XSX27=IX27*.1X27 
1528= X28*X28»Dg8=l/X28. 15X28=1X28*1X28 
5X2^ X29*X29,IX29=l/X29,X5X29=IX291tlX29 
5X30= X3O*X3O.3X30=l/X3O.I5X3O=TOO#IX3O 
SX3I= X3l»X3UIX3l=l/X3l,JSX3lsrX3l*JX3l 
5X32= X32*X32;iX32= t/X32'. ISX32^IX32<l3g2 



Eb= 3.793- 16^3 (XI). 0.6238(XII)-0.2797(XI5)-O.I2IO(X20) 
+ 0.09l69{X24).0.56l4(X25)-4-3l.76(SXI)-0.436(5XI0) 
+'238l(5XI2)*O.O2358(SXI5)-0.0O3335(5XI8)-O.O6779(SX20) 

0.4679{5X25)'»-0.9 l22(SX30h0.2 1 30( 1X4) +-0. H 21 ( IX 6 ) 
-02405aX9)^-0.0O0O5223(IXI7)4.O.0O07283(IX23) 
-0.0I499(IX25K0.004282(IX27)-I^54 (ISX3) 
+0.00l638(ISXI0)-»-0.3682ttSXI3)i-O.056l3asX22) 



RIF^. 182* 2.65I(X2)-*- 1 .206( X9)- 0.4577 ( X M ) 

-0.l083(XI5)-»-0.02696(XI8)+l.4O9(X26)-O.|O84(X27) 
+l0.22(SXI)+2576<SX2)-0.3069(SX9)i-O.OI088(5XI3) 
+ 0.007147(5X19)4-0.2727(3X25 )-t-0.007466(SX27) 
+ 2.522(IXI6)+0.000l765{rxi7).0.00l3l7(IX2l) 
+O.OI5l0(ISX4)-0.06O77(rSX7)*O.0OI9l7(ISXII) 
-0.0O3666(ISXl2)-O.000OO008477(ISXI7) 
■|-0^23(ISXI8)+'4.206(1SX26)-0.0I8I3(ISX29) 
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